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T H E  RELATIONS BETWEEN FREE-AIR TEMPERATURES AND WIND DIRECTIONS.* 

gs/. 623 : s5/. 527 By WILLIS RAY GREGQ, Meteorologist. 

[Weather Bureau, Washlngton, D. C., January, 1924.1 

SYNOPS1S. 

All available data from kite flights made during the period 1915 
to 1922, inclusive, have been considered. The investigation has 
been pursued along the following lines: ( 1 )  The temperatures 
at different heights have been classified according to surface wind 
direction; (2) the temperatures at 3 kilonieters have been classified 
according to wind direction at that level; and (3) changes in 
temperature at 3 kilometers, as observed during series of successive 
kite flights extending over periods of several hours, have been 
examined individually in connection with the wind direction or 
with changes in the wind direction. It is found ( a )  that in a 
large majority of cases the relation between temperatures and 
wind directions is direct and appreciable, south coinpunelit winds 
being considerably warmer than north component winds at all 
levels in the troposphere; (b) that the relation is more pronouiiced 
at 1 and 2 kilometers than it is at greater heights or at the surface; 
and (c) that exceptions to  (a)  are due either to a trinporary revcrsnl 
in the latitudinal distribution of temperature or to the fact that 
the wind direction in 80me instances does not represent the true 
source of the air, the latter having followed a curved path round 
s HIQA or LOW. 

INTRODUCTION. 

The relation between free-air temperature and wind 
hfls in recent years been the subject of considerable 
discussion and some controversy. There are those who 
hold that the wind direction e-sercises practically no 
influence upon the temperature;' others, tlint the relat,ion 
is the reverse of that at  the surface, or in other words 
that a north-component wind is accompanied by rising 
temperature and vice versa;? and still others, that the 
normal and most frequent condition is u lower tenipern- 
ture with wind from a northerly than with wind from n 
southerly quarter, or, what amounts essentially to the 
same thing, as will be e s  lained later, a lower tempera- 

The purpose of the present paper is to bring to the 
discussion of this sub ect such additional information 

air observations made in the United States from 1915 up 
to the resent time. The study has been pursued along 

heights have been classified according to surface wind 
direction; ( 2 )  the temperatures at 3 kilometers have 
been classified according to wind direction at  that level; 
and (3) changes in temperature at  3 kilometers, as ob- 
served during series of successive kite flights e-xtending 

ture with rising than wit { falling barometric pressure. 

as is now available as t h e result of a large number of free- 

the fo lr owing lines: (1) The temperatures at  different 

1 Dlnes W. H.: The characteristics of the free atmosphcre. Gwphysienl Memoirs, 
NO. IS. hdeteorologlcal Omee London 191cl p. 66. 

a Clougb, H. W.: The seq& of thdint&urnal changes in wlnd direction, pressure 
md tem rature in the free air. Abstract In Bulletin 01 the American Mefeorolopicul 

'~&%%'%ree-alr data Soundin balloon arcensions at Indi~napolls Omaha, 
md H u r k  B&in ofthr Mmh: Weather 8kermlmy. Vol. 4 pt. 4, pp. lsZ-lh. 1913. 

MeSsinger C. LeRoy: The pre aration snd significance of f&e-dr-pressure ma s for 
the central 'and eastern United &ate,. Mo. WEATHER REV. SUPPLEMENT No. 8, pp. 
19-20. 1922. 

W. R.: Vert ld  temperature distrlbution In the lowest 5 kiloineters of cyclones 2% cloaes. Mo. WEATEER REV., Scptember, 1919. 4'l: 647-649. 

over eriods of several hours, have been examined indi- 

changes in the wind direction. 
vidua P ly in connection with the wind direction or with 

1. FREE-AIR TEMPERATURES AND SURFACE WIND DI- 
RECTIONS. 

In this part of the study all observations made with 
kitcs at  stations that have been in operation since 1915 
have been considered, and the same general characteristics 
nrc apparent in all cases. However, the discussion is 
confined chiefly to data from Dresel, Nebr., and Ellen- 
dale, N. D:i.k., because of the greater length of record at 
those st.ations and therefore the greates dependability 
of the results. Table 1 contains the number of obser- 
vations at  selected levels for the 16 wind directions. 
There is about equal distribution among the 4 seasons. 
All chctions are well re resented except ENE. to ESE. 

given the number of observations with NNW. to NNE. 
and SSE. to SSW. winds, i. e., with distinctly north and 
south components, respectively. 
TABLE l.-Nimber of obscruatwns on rirhieh are baaed the results 

in the higher levels. B t the bottoiii of the table is 

given i n  Tables 2, 5, Q, and 6 ,  and i n  Figure 9. 

Altitude above M. S. L. (meters). I 
Surfare wind 1 Dresel, Nebr. 11 Ellendale, N. Dak. 

- I_l- 396 (1,M)Il 

N .................... 
NNX 
N E . .  
ENE ................. 

................. ................ 
I 

6. ................... 
ESE. ................ 
SE ................... 
SSE.. ................ 
5.. ................... ssw.. ............... sw.. ................ wsw. ............... 
I. w .................... 
WN w ............... 
N W.. ................ 
NN W.. .............. 

- 
?,000 

I28 
55 
60 
36 
36 
36 
91 

163 
196 
198 
122 
68 
67 
64 

130 
170 

,610 

353 
557 

- 

- 
- 

- 

3,000; 4,000 444 1,ooo II I ---- 

- 

2,ooo 

68 
42 
24 
23 
16 
31 
48 
63 

131 
85 
36 
35 
69 
75 

117 
86 

949 

188 
279 

- 

- 
- 
- 

- 
3 , m  

34 
22 
10 
10 
7 

I4 
24 
35 
70 
53 
22 
25 
44 
49 
76 
34 

528 

w 
158 

- 

- 
- 
- 

4,000 

11 
4 
3 
1 
3 
3 
2 

10 
25 
28 
4 

12 
14 
IS 
25 
11 

173 

30 
I - 

Observed values of temperature a t  selected levels 
have been averaged for each surface wind direction and 
for each season and the year, and these averages have 

a + 2 b + c  been smoothed by the well-known process , 
in which a, b, and c represent values corresponding to 
successive wind directions. The results are given in 

* Presented Wore Americsn Metmalogical Sodety at Cindnnati, Ohlo, Dec. -29, 1823, and PhUosophlcal Sodety of Washington, Feb. 23,1924. 
8 8 7 3 1 - G l  1 
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18.7 14.0 
18.3 15.3 
18.0 15.Y 
18.0 16.0 
19.4 16.8 
21.3 18.0 
E . 6  19.0 
22.9 I9.R 
22.6 20.: 21.7 20.- 
20.1 19.3 
19.3 1 8 0  
19.2 16.S 
19.4 18.2 
19.5 15.7 
19.2 15.0 --- 

Table 2. Highest and lowest temperatures at each 
level are indicated by bold face and italic type respec- 
tively, and the difference between these values is given 
at the bottom of each section of the table. 

10.5 
11.5 
11.5 
11.4 
11.6 
1 2 6  
13.S! 
14.7 
14.8 
14.2 
13.2 
12.0 
10.3 
9.5 
0.4 
0.4 

TABLE 2.-Mean temperatures, ("C.), at various heights correspond- 
iplg to surface wind direction. 

SPRINQ. 

0.1 
3.5 
7.1 
8.5 

6.1 
7.3 

7.4 

9.7 

Altitnde above M. S. 1,. (meters). 

' -. .- ..______- - 
Purface wind Drexel, Xebr. Ellendale. N. DJk. 

I direction. 

I 
-1.71 

1.71 
4.5 
5.3 

4.6 
ti. 1 

4.71 

7.81 

N . -. . . . . . . . . . . . . . . . . . 
NNE ................. 
NE.. . . . . . . . . . . . . . . . . 
ENE __._.. . . . . . . . . . . . 

-2.4 
--0.2 

0.0 
-1.4 
-1.6 

0.6 
2.0 

w.................... 
ESE. ..... . . . . . - .. . . - 
SE ._.. -. . . -. . . . . . . . . . 
SSE _.... .. . . . . . . . . . . . 

-6.0-11.li 
-s.1 
-7.0 
-8.2 
-9.3 
-8.3 
-6.4 
-5. I 

...................... ssw ................. 
RW.. .. . .. . . . . . . .. . . . wsw ................ 
-7 %I 

3.5 
5.3 
8.4 

11.2 
11.7 
12.4 
13.6 
13.9 
13. G 
1% 6 
11.7 
11. G 
9.2 
5.6 
3.4 
f. 6 

-. 

I w.................... 
WNW ............... 
NW .................. 
NNW. .. . . . . . . . . . . . . . 

1.6 
4.4 
8.3 
9.4 
7.6 
7.0 
8.6 
9.8 
a3 
7.0 
7.6 
81 
8.1 
6. S 
4.1 
1.6 

6.9 
6.5 
7.6 
8.3 
8.7 
9.6 

10.8 
12.5 
13.8 
14.0 
1 2  8 
11.0 
10.4 
8.6 
6.7 
6.9 

I I' 

7.31 2.2 -3.41 
7 s 1 .s  -2.0: 

9.91 3.7 -2.1' 
10.21 3.S -2.9j 
10.0 3.9 -2.6 
8.6 2 8  -3.21 
6.8 5 . 1  -@. as 71 - 4 . ~ :  -G. O! 
3.6 -2.6 -7.21 
1.3 -4.1 -8.9' 
0.0 -4.8 --AS!  

-0.S -4.61 -9.31 

0.8 -3.91 -8.8' 

5.4 0.J 15.9;  
2.71 -2.S 8.4' 

S'd 9G-I.JI  I 

--- 

-8.4 -13.6 
-6.0-11.1 
-3.5 -8.3 
-3.2 -7.2 
-4.1 -7.0 
-4.6 -G.9 
-3.5 -6.8 
-2.2 -7.0 
-2.7 -8.3 
-3.8 -10.4 
-4.4-11.6 
-6.1 -12.5 
-7.8-13.6 
-9.s-15.2 

-11. 1 - ls.s 
-9.9 -15.2 

-1. 

SUMMER. 

-7.7 
-7.0 

-5.9 
-7.3 

-3.2 
- 2 5  

N . . . . . . . . . . . . . . . . . . - . 
NNE _...._. . . -. . . . . . . 
NE.. . .. . . . . . . . . . . . . . 
ENE .__.. . . . . -. . . . . . . 
E. . . -. -. . . . . . . . . . . . . . 
ESE __.__. . . . . . -. . . . . 
8E.. ._ . . . . . . . . . . . . . . . 
SSE ... .. . . . -. . . . -. . . . 
8.. . . . -. . . . - . . . . . . . . . . 
SSW.. .. . . -. . . . . . . . . . sw .................. wsw. _. . . . . . . . . . . -. - w . . . -. . . . . . . . . . . . . . . . 
WNW ............... 
NW .................. 
NNW .......-..... ... 

Max.-Min. .__. . 

-8.9 -7.6-11.2-17.3: -11.7-10.8 -9.61-13.1 -18.1 
-7.2 -5.8 -9.0-16.3 -13.8-11.0 -8.8!--132-16.6 

-4.9 -4.4 -8.7--12.5* -7.6 -G.2 -6.?I--8.6-15.6 
-7.0 -5.8 -9.3 - m - 1 1 . 1  -9.5 -so' 10.8-16.1 

-1.0 -1.s - 6 . ~ - i i . 2  7.1 -5.4 -4.01 -8.0--15.1 
a0 -1.5 -tL2-11.8) 18 .1  i -6.8 -3.01 -8.0-14.8 

16.9 11.9 
17.1 12.2 
17.8 13.2 
18.2 13.8 
18.4 13.S 

19.8 14.5 
20.8 14.9 
21.8 15.6 
22.6 16.1 
2 2 4  16.2 
222 15.8 
20.7 14.1 
18.3 11.5 
18 S 10 0 

5. SI 0.2 

18.9 i 14.0 

1091 l a 9  --- 

8.41 1.0 

7.1 -0.2 

5.2 -0.s 

s. 3' 0.5 

-- 
4. s 3.7)) 

5.4 0.3 
6.6 2.0 
6.8 2.2 
6. ' 1.3 
7.1 0.7 
7.6 0.s 
8.4 1.4 
8.8 1.6 
7.8 0.4 
6.4 -1.4 
5. -1.8 
4. P -1.3 
4.1 -1.2 
3.8 -1.4 
9.7 -1.3 
4.1 -1.2 - I 5.1 3.4 

AUTUMN. 
~~~ 

N . . -. . . -. . . . . . . . . . . . . 
NNE ................. 
NE .................. 
ENE ................. 
E. . . . . . . . . . . . . . . . . . . . 
ESE. _... . -. . . . . . . . . . 
8E.. -. -. . -. . . . . . . . . . . 
8SE ... . . . . . . . . . . . . . . . 
8.. . -. . . . . . . . . . . . . . . . . ssw ................. sw . . .. . . . . . . . . . . . . . . ws w. -. . . -. . . . . . -. . . w . . . . -. . . . . . . . . . . . . . . 
WNW.. .... ._. .. . . . . 
NW ._..............._ 

Max.-Min .._... 
NNW ........ .....--. 

9.61 11.31 10.51 8.51 8.dl 8.31 10.5/ 11.31 1R4) 8.9 
I 1 -  ______ 

WINTER. 

i- 
N . . . . . . . . . . . . . . . . . . . . 
NNE ................. 
NE.. . . . . . . . . . . . . . -. . 
ENE .___. . . . . . . . . . . . . 
E - . . . . -. . . . . . . . . . . . . . 
ESE. __... .. _. . . ... .. 
SE . . . . . . . . . . . . . . . . . . . 
SSE. .. . . . . . . . . . . . . . -. s . -. . . -. . . . . . . . . . . . . . . ssw ................. 
s w . . . . . . . . . . . . . . . . . . wsw ................ w . . . . . . . . . . . . . . . . . . . . 
W N W  ....-.......... 
NW _... ... .. . ._.... . . 
NN W.. . . . . . . . . . . . . . . 

Max.-Min.. . . . . 

'HER REVIEW. JANUARY, 1924 

TABLE 2.-bfean temperatures, ("c.) , at various heights cossespond- 
ing to surface wind direction-continued. 

ANNUAL. 

Altltude above M. 8. L. (meters). 

Drexel, Neb.  Ellendale, N. Dak. Surface wind 
directlon. 

N . . -. . . . . . . . . . . . . . . . . 
NNE .._._..__...._... 
NE.. .__. . .. . . . ... .._ 
ENE ................. 
E . . -. . . . . . . . . . . . . . . -. 
ESE. ._. . .. . . . __. . . . . 
SE.. .. . . . . . . . . . . . . . -. 
SSE _.._. . . . . . . . . . . . . . 
s.. . . . . -. . . . . . . . . . . . . . 
SSW ................. s m  . . .. . . . . . . . . . . . . . . \ysw ... ... . . . . . . . . . . 

6.4 3.4 
7.0 4.4 

9.0 7.4 

10.6 9.6 

12.0 10.9 
126 11.5 
12.8 12.2 
12.4 12.1 
11.7 11.4 
10.5 9.3 
a 4  6.1 
G.9 3.7 
6.5 Y.3 

a0 5.7 

9.8 8.7 

11.4 10.2 

--. 
biax.-Min ..-__- I 5.5 9.3 8.21 7.31 7.811 6.01 851 831 7.91 7.0 

. . . . . . . . . . . . . . . . . . . . .  
WNW.. .. ... . ._ _. . _. 
NW .................. 
NNW ................ 

1.6 
3.3 
5.2 
6.8 
7.4 
7.5 

8.6 
7.8 
7.1 
7.3 
7.6 
7.8 
6.4 
3. s 
2.7 

ai 

-I-I-II-- 

1.0 

-2.7 

1.0 -3.6 -9.2 
2.2 -2.6 -&6 
3.4 -1.4 -7.5 
4.7 -0.3 -5.9 
5.8 0.2 -5.9 
6.3 0.7 4 . 0  
6.8 1.2 -5.4 
7.4 1.1 -5.0 
8.0 2.0 -4.4 
8.0 1 .8 -4 .4  
7.1 a 6  -5.5 
5.8 -0.7 -6.7 
3.9 - 2 2  -7.9 
1.4 -4.2 -9.4 

-0. .? -5. s -10. ,o 
-0.1 -4.7 -9.s 

-5.5 -10.8 
-3.5 -8.4 
-1.8 -1.3 
-1.3 -7.4 
-1.6 -7.7 
-1.6 -7.3 
-0.6 -6.6 

0.1 -6.2 

-3.0 -9.3 
-4.1 -9.8 
-6.1 -10.6 
-6.4 -11.9 

- a 7  -7.0 
-2.1 -8.6 

-7.4 -7.8 -12.8 - m a  

Fie. l.-Mean temperatures over falling 880 level alr resjure (solid liue8) end over 
rising sea level air pressm.(broken llnes or with south and north component Wind8 
respective1 (Numbers m circles In&C8b number ob observations upon whid 
curves am L d . )  

A mere glance at  the values in this table shows that 
at all levels up to at  least 4 kilometers much higher tem- 
peratures prevail with south component than with north 
component surface winds. Essentially the same char- 
acteristics are ap arent in the four seasons, viz, highest 

Nd to N. winds. Differences are smallest in summer, 
averaging about 5" C.; in the other three seasons, amon 
which there is little variation, they average 9" to lO"8 
In  all seasons they are greatest at  1 and 2 kilometers, 
out at  4 kilometers they are still sufficient1 large, 7' to 

dpper limits of the troposphere. This conclusion finds 

tern cratures wit \ SE. to SW. winds and lpwest with 

8" C., to indicate a continuance of this re 7 ation to the 
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aupport in the results of a large number of sounding bal- 
loon observations made in this country. In  discussin 

at ad levels in the tro osphere with rising than with 

accompanied by north-component and south-component 
wmds, respectively. The reverse relation exists in the 
stratosphere in part because, as is well known, in this 
region there is an increase, instead of a decrease, in tem- 
perature with latitude; in part also because the warmer 
northward moving air, being the less dense of the two, 
would cause a vertical displacement of air in the strato- 
sphere upward, a process that would result in more or 
less cooling of the latter. The curves showing these rela- 
tions are based upon Figure 33 in Blair's paper and are 
here presented in Figure 1. 

More detailed examination of the values in Table 2 
brings out the fact that the change in temperatures 
from norther1 to southerly winds is quite uniformly 

tions. It is well shown in Figure 2, which gives the tem- 
erature distribution with surface wind direction at  g rexel from the surface to the +kilometer level. It is 

interesting to note that at  all heights the sharpest change 
occurs between SW. and NW. winds, temperatures ac- 

ng W. winds being almost esactly halfway be- 

ence is resumably due in art to the greater average 

but mostly to their greater steadiness or constancy of 
' direction over long distances, thus enitblino them to 
bring in air from considerably warmer or co8er re ions 

winter, when a steady NW. or SW. wind prevails in the 
upper levels over a major portion of the country. More- 
over, as will be ex lained later, these winds have a 

others, and form therefore what ma be culled a nearly 

sense. 

these Blair states that lower temperatures are foun i 
falling air pressure a t  t % e surface, conditions which are 

progressive. IF his is true for all seasons and for all sta- 

compmr tween t ese two in the upper levels. This lwge differ- 

speed o P these winds than o P winds from other directions, 

respectively. Instances are not infrequent, especia fi y in 

smaller deviation P rom the sui.face upvit~rd than do 

['solid" current in a vertical as we P 1 as in a horizontal 

From Table 2 it is possible to Ute the average 
la se rates, "C. er 100 m., for erent directions. 
Tfis has been Xone and the results are presented in 
Table 3, in 3 groups, viz, sui.face to 1,000 met.ers, 1,000 
to 3,000 meters, and surface to 3,000 meters. 
TABLE 3.--dve+age temperature lapse rafes ("C. per 100 m.), for 

digerrnit surface wind directions at Drezel, Nebr., and Ellendale, 
N .  Dak. 
[Hlghest and lowest values Lndlcated by bold face and italic type, respective1y.l 

EURFACE TO 1,ooO METERS, M. 9. L. 

1 Draxcl, Ncbr. [I Ellendde, N. Dak. 
- -_ 

N .................... I 
NNE ................. 
NE.. ................ 
ENE ................. 
E. ................... 
ESE. ................ 
SE.. ................. 
8SE .................. 
8.. ................... 
8SW.. ............... 
8W.. ................ wsw.. .............. 
w .................... 
WNW ............... 
NW .................. 
NNW ................ 

0.45 0.101 

0. io -n. 3; 

0.36 0.M 
0.28 -0.05 
0.15 -0.17 

0.23 -0.41 
0.30 -0.40 
0.21 -0.38 
0.20-0 45 

0.05 -0.69 
0.05 -0.51 

0. IS -0: 611 

a 17 -0.26 
a33-o.E 
a49 o.oq 
0.53 0.23: 

0.50'1 0.521 0.68 

0 OK 0 52 0 47 

0.m 0.51 0.65 
0.0Sl 0.471 0.56 
0.OS 0.25 0.41 
0.10. 0.m 0.26 

0: 171 0:s 0:59 

0.051 0.07 0. I# 
0.05 0.14 0.23 
0. %I! 0.45 0.43 
0.3% 0.58 a s  
0 51' 0 58 0 8R 
0156 0: 50 0: 761 

KM--0.31 0. is 
0. IF, -n. 23 0. :% 
0.23 -0.07 0.34 
aw-0.29 0.20 

-0. !% -0.90 41.13 
-0. ?# -f. 12 -0. ?9 
-0. 11 -0. w -0.23 

0.02 -0.49 -0. 02 
0.20 -0. I 1  0.25 
0.40 0.09 0.41 
0.49 0.16 0.47 
0.41 0.05 a 4 5  

4 Blair Wm R . Freealr data Soilndin balloon sscensions at Indlanapolls Om3ha 
and Hdm. Buiietin of the hiiunt Went& Obaem&r#. Vol. 4, pt. 4, pp: 1W-103: iwa. 

TABLE 3.-Average temperature lapse rates ("C. per 100 m.), far 
digerelit siirface Wi?bd directions at Drexel, Nebr., and Ellendale, 
N .  Dak-Continued. 

1,ooO METERS TO 3,000 METERS, M. 8. L. 

I Dresel, Nebr. . 11 Ellendale, N. Dak. 

N .................... 
NNE ................. 
NE.. ................ 
ENE ................. 
E .................... 
ESE. ................ 
SE ................... 
SSE .................. 
s ..................... 
es\v ................. s n- .................. 
WSW. ............... 
IV .................... 
IVNK.. ............. 
N w .................. 
N S W  ................ 

I I I ' II I I I I 

SURFACE TO 3,W METERS, M. S. L. I-- 
.................... I N 

NNE ................. 
NE.. ................ 
ENE ................. 
E .................... 
ERE. ................ 
PE.. ................. 
SRE .................. s ..................... 
PSIY ................. ' 
?; 1v. ................. 
\v*w ................ 
1v.. .................. 
K N  1Y.. ............. 
N \V. ................. 

I NNW ................ 

The first two sections of this table indicate a very 
nearly opposite relation of lapse rate to wind direction 
in  the lower and in the hi her levels. From the surface 
to 1,000 meters, hl. S. L. (%out 600 meters actually, the 
station nltitudcs being, Dresel 39G and Ellendale 4441, 
lapst- rdtes are lowest with YSW. to WSW. and highest 
with NW. and NNW. winds: from 1,000 to 3,000 nieters 
they iire highest with SW. and WSW., and 7oi(vst with 
N. to NE. wintlr. 

Southerly winds are of course cooled at the surface as 
the inove to higher latitudes; this cooling produces a 

to the upper leTels. Northerly winds, on the other 
hand, are warined at  the surface in their progress toward 
lower latitude, and this warming does extend to the 
upper levels, in diminished demree of course, since it 
tends to a condition of instabgity and therefore con- 
vectional activity sets in. 

This characteristic difference in tem erature lapse 

reflected in the decrease of relative humidity froin the 
surface to the 1,000-nieter level. As is well known, 
surface southwesterly winds in general are least humid, 
and northeasterly most humid: The values in Table 4 
show that this difference extends to the upper levels, a t  
any rate to 4 kilometers. On1 the annual values for 
Drexel are iven, as those for H Ilendale and for all s e e  

so far 8s distribution with wind direction is concerned. 
The last column of the table contains the average decrease 
in relative humidity from the surface to the 1,000-meter 
level. From these figures it is seen that the largest 

stn IT le condition of the air and therefore does not extend 

rates accompanying northerly and sout B erly winds is 

sons at bot % stations are essentially the same as these 

6 See tip. 24 and 25 iu conjmction with fi 8 and 10 in A batktical sfid# f awface 
6fng o w  Dawnpart, o(w by and up 

A. D. &en. Mo. WEATEEE REV. February, 1923, %58 and 61. 
-air conditions in cyclmls and ant&mu8 
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Surface wind directions. 

WN W.-EN E .  .............................. 
N W.-N E. ................................... 
NNW .- NNE.. 
ESE.-WSW.. 
SE.-YW 
WE.-SSW.. .................................................... 

.............................. .................................................. ......................................................... 
- 

decrease occurs with SW. and WSW. winds and the 
smallest with N. and NNW. winds. As already stated, 
air oh- northward is cooled at the surface. As a result 

the upper levels suffers no change. Hence, the lar e 

ward, on the other hand, is warmed at  the surface, but 
this warming and the resulting decrease in relative 
humidit are propagated upward by convectional activ- 

of t % is cooling the relative humidity rises, but that in 

decrease in the first 500 meters or so. Air going sout % - 

its, so t i at there IS a fairly even distribut,ion at  all levels. 

North component South component 
at- at- 

3 Kilo- 4 Kilo- 3 Pilo- 4 Kiio- 
meters. meters meters. meters. 

Per cent. Per cent. Per cmt. Pa cent. 
88 89 .................... 
92 I .................... 
94 80 .................... 

76 81 
85 77 
I 82 

~~-~ 

TABLE .I.-Average annual relative Aumidiifies for digwent surface 
wind directions at Drexel, Nebr.; also, average decrease from sur- 
face to 1,OOO m. 

[Highest and loweat values indicated by bold face and italic type, respectively.] 

Surface wind direction. 
380 

73 
74 
74 
75 
75 
74 
73 
69 
6s 
65 
64 

66 
69 
72 

N ...................... 
NNE ................... 
NE ..................... 
ENE ................... 
.!2 

1,000 I 2.000 3,000 5,ooo 
----- 

70 60 5s 59 
69 62 G2 66 
68 62 65 OS 
67 62 65 69 
66 62 66 70 
65 61 64 65 
63 5s 59 59 
61 59 56 57 

52 53 53 
52 49 4s 

I S  

a g g i i 5 0  50 4s 
5s 53 49 
65 55 51 
69 57 54 52 

Sf 4.9 

ii 

8 ...................... 
ESE. .................. 
BE. .................... 
SSE .................... 
8. ...................... 
ssw.. ................. sw .................... wsw .................. w.. .................... 
W N W  ................. 
N W  .................... 
NNW. ................. 

__ 

Surfare wind 
direction. 

NNW.-NNE ........ 
BSE.-SSW ........... 

Altitude above M. 8. L. (meters). 

! Ellendale, N. Dak. Drexd, Nebr. 

396 1 , m  2,000 3,000 4,000 444 l,OoO2,0003,000 4,000 
--______ -- --- 
6.2 3.6 1.0-3.8-9.2 2.9 1.0-1.1-5.5-10.7 
12.5 11.5 7.8 1.8 -4.6 7.8 8.2 5.1 -1.0 -7.3 

Decreue, 
surface 
to 1.ooo 
meters. 

S 
5 
6 
8 
9 
9 
9 
S 
11 
13 
16 
16 
11 
S 
5 
S 

The second section of Table 3 indicates t.he characteris- 
tic lapse rates in the air above the direct influence of sur- 
face warmin or cooling. By referenco to Table 4 it 
will be seen %at the driest winds, SW. and WSW., have 
the largest lapse rates, and the wettest winds, NNE. to 
E. those with which precipitation most frequently OCCUIS, 
have the smallest lapse rates. The differences give strik- 
ing testimony to the effect of latent heat of condensation 
upon vertical temperature distribution. This effect is 
most pronounced, or at  any rate of most frequent occur- 
rence, in the lower layers of the atmosphere, from about 
500 to 3,000 meters above the surface, where condensa- 
tion is most active. At hiwher levels the lapse rate is 
more nearly constant regardess of wind direction. Evi- 
dence of this approach to the same value is to be found in 
Table 2. Owin- to the small number of observations at  
4 kilometers witg easterly surface winds, only the general 
features can be considered significant, but these show 
mean annual lapse rates between 3 and 4 kilometers 
vary%- from about 0.55 with northerly winds to about 
0.65 mth southerly winds at  both Drexel and Ellendale. 
These lapse rates increase to about 0.65 and 0.70, re- 
spectively, at still greater heights, thus a proaching but 
never quite reaching the same value. $his approach 
to a constant lapse rate is presumably due to vert(icn1 
movement of the air, upward in southerly, downward 
in northerly winds and attendant changes in humidity, 
condensation in the former, evaporation in the latter. 
The final result is lower temperature and greater height 
of the stratosphere above souther1 thaii above northerly 
surface winds. Figure 1 shows t t is relation very satis- 
f actmily. 

Thus far we have considered the relations between 
freeair temperatures and wind directions at  the surface. 
The contention may be made that a north or sout,h com- 
Donent at the surface does not necessarilu mtau a north 

a north component wind at the surface turns into a south 
component wind in the free air and vice versa, but they 
also show that in the great majority of cases the com- 
onent that is dominant at the surface persists at  aJl 

revels. The results of a detailed analysis of the data 
have been presented in Tables 18a to 19c, inclusive, of 
“An Aerological Survey of the United States.”6 and need 
therefore be only briefly referred to here. Excluding the 
E. and W. surface directions and combining the remaining 
directions into groups, we find t,he following percentage 
frequencies of iiorth and south components at  3 and 4 
kilometers : 
TABLE 5.-Average annual percentage frequencies of north and south 

components at 3 and .G kilometers. 

It is not surprising to find higher values with north than 
with south coiiiponent winds. The normal turning with 
altitude is clockwise, escept in the case of NW. to NE. 
winds which more fipquen tly turn COUD terclockwise. 
However, they rarely hack beyond a westerly direction. 
ENE. winds tend to a clockwise turning but this direction 
rarely occurs and tlirrefore the total nuniber of north 
coiiiponent winds that change with altitude to a south 
coiqonen t is coniparatively small. Southerly surface 
winds, on the other hand, veer in a majority of cases, the 
frequency and uiiiount of the turnin being greatest with 
ESE. nnd least with WSW. winds. %SE. to SSW. winds 
srldoiii turn into a westerly direction, but thosefrom SW. 
and WSW. lime a north coniFonent at  3 and 4 kilometers 
in about 50 -er cent of the cases. However, the devia- 

kiloiiieters is dmost esactly west, whereas the mean direc- 
tion of surface WNW. and NW. winds a t  these levels is 
some 20’ to 30’ north of west. It thus ap ears that, even 
though the SW. and WSW. surface win K s have a north 
component at  the upper levels in about half the cases, 
their mean direction is nevertheless from a oint con- 
siderably farther south than is that of the If NW. and 
NW. surface winds. 

If we esclude these and consider only the NNW.- 
NNE. and %E.-SSW. surface winds, we find from Table 
5 that the percentage frequency of N. and S. components 
is 94 and 89, respective1 , at 3 kilometers, and 90 and 82 

annual temperatures for these direction groups. The 
figures follow: 

tion is usual 1 y small and the mean direction a t  3 and 4 

at 4 hilometers. From iF able 2 we can compute the mean 

br south component, respectively, in thYe upper levels. 
This is correct: Observations show that in some instances OMO. WEATE= REV. sVppLEyI- NO. ao, I=. 
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The cxtent to which a north or south component pre- 
vails at heights above 4 kiloniet,ers is not known. An 
examination of pilot-balloon observations indicat.es t.hnt 
winds with a north component at  tlie surface hare t.he 
same component a t  8 to 10 kilomet.ers in a majority of 
cases, but that those-ith a south coniponent at  the sur- 
face have a north component a t  these levels more fre- 
uently than a south component. As a rule, however, 

%is north component is small, so that the mean direction 
is still several degrees nearer south than is that of the 
north-com onent group. In adtlit.ion it may be remarlied 

be made only under conditions of exceptional visihility 
and li ht  mnd velocity-those usually found during 

pressure distribution is such as to produce west-nort<h- 
westerly winds. Because of cloudiness and vigorous air 
movement cyclonic weather is ruled out, so far as investi- 
ation by pilot balloons at  great heights is concerned. 

L d  it is in LOWS, particularly in tlie central and eastern 
parrts, that we have reason to believe a south component 
in the u per levels prevails. Occasional observations of 

of exhaustive studies of cloud data that "there is a slow 
exchan e of air along the meridians, caused by continu- 

Zones. Indeed each of these whirls carries air on t ie one 
side from south to north and on the other from north to 
south." If this conclusion is well founded, it follows that, 
as indicated in figure 1, the relation between wind clircc- 
tion and temperature, although less pronounced, is never- 
theless operative in the upper levels as well as in the 
lower. 

that pilot- Fl alloon observations at  these great heights can 

anticyc 5 onic weather, when, as is well known, the upper 

u per c.ouds r 
t K erefore, to conclude with Hildebrandsson ' as a result 

ous cyc 5 onic and anticyclonic whirls in the Tcni crate 

confirm this view. It seeins reasonable., 

P 

2. FREE-AIR TEMPERATURES AXD FREE-AIR WIND 
DIRECTIONS. 

I n  order to set at rest any uncertainty as to tlie con- 
clusiveness of the results discussed in the previous 
section, based as they are upon t.he assuniption (quite 
dehitely established, however), that a north or south 
component persists on the average at  all levels, we shall 
here consider the rela.tion in a more direct way, comparing 
the temperatures at 3 kilometers with t.he wind direc- 
tions actually observed at that level. All observabions 
made with kites during t.he summer, June, July, and 
August, and during the wint,er. December, Janurtry, and 
February, from 1915 t.0 1923, inclusive, have been used. 
The two transition seasons, spring and aulunin, hsre not 
been included, since the seasonal chanws thcniselnes 
tend to mask those due to any ot,her inf%ences. Inns- 
much as certain wind directions, art.iculn,rly N. t,lirou-h 
E. to S., are rarely observed at  3Llonieters, soiiie of tf;e 
directions have been combined into groups, in order that 
the averages may be based u on a considerable number 

directions ESE. to SSW. and NNW. bo ENE. are groupcd; 
SW., WSW., W., WNW., and NW. are iven indiviclu- 

vations with that direction, a.nd it could not, of course 
be combined with ot.her direct.ions, since it has neither B 
north nor a south corn onent. For the 5 stations other 
than Drexel and Ellen 3 ale t,he tot,al number of observa- 
tions is too sniall to warrant a more det,ailed rouping 
than ESE. to WSW., W. and WNW. t.o E&. The 

of observations. Thus, for 5 resel and Ellendale, the 

ally. E. is not included, as t.here were on 7 y 3 or 3 ohser- 

7 Results of some empirlc researches as to the general ~novements of tlir atmosphere. 
Translation by W. W. Reed. Mo. WEATHER REV., June, 1919. 47: 389. 

resuh  in detail for Drexel and Ellendale are resented 
in Table 7, and the more general results for al P stations 
in Table S, the number of observations being given in all 
cases, and the st,ations being arranged in order of latitude, 
beginning at the north. 

TABLE 7.-Mean lenipernfrtrea ("C.), for diferent wind directions 
at 3 kilometers. 

[No.=number of obsermtions, given in italics; T-temperature in "C.] 

SUMMER. 

Wind directions. i l  %!I:. Stations. SW. WSW. W. WNW. NW. 

WINTER. 
_- . - 

The values in this table show that, without exce tion, 
ten1 eratures accornpan ing south component win cp s are 

winds. 
on t E e average higher t. g an those with north component 

TABLE S.--Meun temperatures ("C.), for south component winds, 
ESE.-WSW., west ,winds, and north component winds WNW.- 
E N E .  

[No.-number of observations, given in ltalies; T-temperature in OC.1 

Wind directions. 

Winter. Summer. 

Ellcndde, N. Dak ...__ 76 
Dresel. Nehr.. . . . . . . . . 
Hoval Ceutcr Ind.. .. . 
Broken ArroC. Okla.. . 61 

Lccabiirg. Ga ....__.._. 9 
Grcwshrck, Trx.. . ___. 68 

Due West, S. C ...._... 7 

8.9 1 %  6.3 OS 5.2 36 
9.6 1 %  8.0 lo4 6.0 83 
8.1 17 7.1 98 6.1 29 
9.2 7 10.8 11 8.7 63 
9.4 11 6.3 0 7.3 9 8.1 1 7 . 2  1 7 . 6  8 
9.7 1 5.6 14 8.2 71 

As indicated in this table, tlie mean tem eratures 

nnrl in both seasons than are those with north component 
winds. 

west winds are acconi anied by temperatures between 

exceptions appear to be due to t i e  sniall number of 
observations u on which the means are based. 

centage of cases in which south component winds are 
ncconipnnied by temperatures lower than the m m n  
temperature with north component winds, and vice 
versa. Tnblo 9 contains this information for Drexel and 
Ellendale. 

with south component winds are higher at a1 P stations 

latitudinal temperature gradient prevails. In  gener 3 
those with north an (P south coni onent winds. The 

A point not g rought out in the table is the small per- 

Contrasts are greatest. in winter, when a stron 

P 
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TABLE g.-Percentage of cases i n  which temperature with south or 
north component winds i s  lower or higher than the mean tenr- 
perature moth north or south component winds, respectively. 

~- Stations. 

Ellendale N. Dak ........................... 
DnueI. Nkbr. ............................... 

In  considering the figures given in Tablc 8 the clues- 
tion naturally arises as to the height to which this tlif- 
ference in temperatures with north and south component. 
winds extends. No direct answer can be given to this 
question, but it is significant to note that the difference 
is greater a t  3 kilometers than i t  is at  the surface, as 
shown in Table 10, in which the surface vdues are talien 
from Table 2 and those at 3 kilonieters from Table S. 

TABLE lO.-Comparison of mean tenrperatr~res with north and soitlh 
component winds at the surface and at 3 kilometers. 

DREXEL, NEBR. 
~~ - I Summer. 11 Winter. 

-- 
S d -  ............................. -----!---i 23.9 j 21.2 I ~il:;; /,j- .- .;.ti 
SHlometer ......................... 9 . 6 ;  6.0 3.6;~ - -5.4,-10.9 5.5 _____- . .... ... -- .. - . 

ELLENDALE, N. DAK. 
.. - ........... - . . . . . . . . .  ... 

Surfsee.. ........................... LLi  1;:; 1 2.8 1; -7.1 I -10.1 1 3.0 
SkIlometer ......................... I 8.9 I 3.7 i -8.9 -13.4 4.5 

It is somewhat surprising to find a greater difference 
at 3 kilometers than at  the surface, but it should not be 
inferred from this that the difference increases still 
further a t  r t e r  heights. As pointed out in the first 
section of t is paper and as indicated in Figure 2, the con- 
trast is greater at  1 to 2 kilometers than i t  is either below 
or above.8 On the other hand it is evident, from Figure 
1, that tho relation between temperature and wind, 
though it probabl diminishes at heights above 3 kilo- 

upper limit of the troposphere. 
meters, is nevert % eless direct and appreciable to the 

PROGRESSTVE CHANGES IN FREE-AIR TEMPERATURES 
ACCOMPANYING STEADY NORTH AND SOUTH COMPO- 
NENT WINDS OR CHANGES FROM ONE COMPONENT TO 
THE OTHER. 

Thus far in this paper we have dealt with data from 
individual observations that are more or less independ- 
ent of one another, without regard to the time element. 
It will now be interesting to investigate the changes in 
temperature that take place during short eriods of time 
with different wind directions. In  genera P kite flights are 
made once daily. These observations are hardly suited 
to the present pur ose, since they do not show irregular 

24 hours, but fortunately there is available a large iiuni- 
ber of series of successive flights continuing over periods 
of 34 to 36 hours, the average length of each flight being 

changes that may ?l ave occurred during the intervening 

8 Cf. Yeirrlnger C. LeRoy Preliminary st s in‘the makin of freeair 3ressiirc and 
wind charts. do. WEATHI& REV. Mav 12 48: ?SI-263. fn conelosiok 1 on p. WJ 
he says: ‘ I  * * * while wind $rdtion‘~rodu&s B more marked effect upon tPllilJCE3- 
tures aloft than at the surface. In this study con3itions in the lowest 2 kilomctors 
only were considered. 

LTHEK. REVIEW. JANUARY, 1924 

in the neighborhood of 3 to 4 hours. In  these flights a 
height of 3 kilometers is reached with sufficient regularity 
to warrant the use of that level as a basis for the study. 
At this height surface influences are largely eliminated, 
and diurnal influences also, since it has been found that 
the diurnal variation at heights above 2 kilometers is less 
than 1’ C. 

Successive fiiglits are niade most successfully under 
ronditims of winds moderate in strength and fairly 
steady in direction. A change to stron or to particularly 

means an interrupt>ion to the series or its abandonment. 
Hence we have a large number of observations with 
winds having a steady north or south component, but 
coniparativcly few with a change from north to south 
component, and vice versa. Even of the latter, how- 
ever, there are some 70 cases, enough to provide materid 
for a rather conclusive discussion. 

light minds, or a decided change in win 5 direction usually 

FIG. a.-Mm annual temperature distribution with surface wlnd direction at 
from the surface to the +-kilometer level. 

Drexel 

An exaniination of all the data leads to the conclusion 
that the relations between progressive changes in tern- 
perature and wind direc.tion are more pronouncecl in 
winber than in simmer and at  northern than at southern 
st,ations. The stations have therefore been considered 
in t,wo groups-the nort,hern group comprising Drexel, 
Ellendale, and Royd Center, a.nd the southern, Broken 
Arrow, Groesbeck, Due West, and Leesburg. Table 11 
contains for t,licse t . w ,  groups and for the seasons as well 
as the year the percent.age frequency of increasing, 
decrensixis, and no change in teniperat,ure accom anging 
winds with north and s0ut.h components, an8  winds 
changing from one component, to the other. “No 
change” in temperat,ure represents a chanwe so small, 
L o  C. or less, as to be within the limits of o%servational 
or instrumental errors. 
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stations. 

-- 
Wind component. - 

North ehan ing ' South changing 
North. 11 South' 11 to soutf. \I to north. 

. . . _ _ _  __ __ 
Temperature rhange. 

SUMMER. 

Time.. .. ... . ..I 15 m . .  .. . .. . 
Wind .........I WNW ...... 
Temp. O C . .  .._ -0.6.. ._..__ 

AUTUMN. 

I 
4 11. m .  . . .__ I  
WNW ...... 
-2.3 .._..... 1 

WlNTElt. 

I 1  
Southm.... .I Northern.. ... SB 14 1311 28 I "1  59 143 13 [ 17 19 182 76 24 1- i 123 0 16 80 

Comblu ed.... 65 30 b 21 I i d  70 1 f j 10 [ lb 1 !! 
I ,  

ANNUAL. 

Although in the' majorit of cases the normal relation 
between wind direction an B temperature was found, i. e., 
falling temperature with north com onent winds and 

component to the ot K er, yet t.he table shows that t.here 
were many exceptions. We shall now consider in more 
or leas detail some of the individual series of observat,ions, 
both types of relations being included. All of t,he 
456 cases have been studied, but only a few can be given 
here. Those selected are not exceptional, but rather 

vice versa, especial1 with winds c E anging froin one 

typical of the whole number. tPIaB 

DECREASING TEMPERATURES WITH NORTH COMPONENT 
WINDS. 

As indicated in Table 11 there were 157 series of ob- 
servations with north component winds. Of these 45 
per cent showed decreasing temperatures. A few ex- 
am les follow: 

Jeerrnber 4-5, 1916, Ta.ble Id.-Weather conditions 
at Drexel duriqg this series were controlled by a very 
active LOW whch nioved from north of Montana to 
Ontario. Pressure was relatively high, but with no 
well-defined center, in the Southern and Western States. 
Cooling was marked at  all levels up to 4 kilometers and 

resumably much hi her. The air that was brought in 

northward on the western side of the LOW. 
TABLE 12.-Drezell Nebr., winds and temperatures at S kilometersl 

December ,$-5, 1918. 

!y the W'NW. win % s evidently originated far to the 

I Dee. 5. I 1916 1 Dec.4. 

Burhee wind, WNW. veering to NW. and later backlng to W.; surf- pressure 
rose 19 mb. 

Janu.ary 94-25, 1919, Table lS.-As indicated in 
Figures 3 and 4, there was a decided difference in pres- 
sure conditions on the two days durin which this series 

the influence of an active LOW central north of Montana. 
During the next 24 hours this LOW diminished reatly 
in energy nnd moved eastward to Ontario. fn the 
meantime high pressure, with no well defined center, 
s read over much of the Rocky Mountain and Great 
&sins regions. Free-air temperatures at Ellendale bore 
a close relation to this change in pressure distribution. 
While the LOW was dominant, u per winds brought in 

as may be inferred from the isobars in Figure 3. By 
nightfall of the 24th the influence of this LOW was super- 
ceded b that of the western HIGH with its gently cum- 

occurred because the source of the an-, even though the 
wind direction at Ellendale was still WNW., was evidently 
not to the north but rather to the west along the northern 

art of the HIGH, as can be seen by a glance at Figure 4. 
ghis HIGH was probably of greater vertical extent than 
normal for this season of the year, owing to the absence 
of any well-defined horizontal temperature gradient. 

of flights was made. On the 24th El f endale was under 

air that originated a considerab f e distance northward, 

ing is0 { ars. Thereafter little change in temperature 

Fm. il.-Premm and bmpemture distribution, 8 a. m., 75th. meddlan tlme, Jan. 24, FIO. 4.-Presuure nnd tempmturo distribution, B a. m., 75th meridian tlme, Jan. 25 
1919. 1919. 
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1921 

Time .......... 
Wind ......... 

.. -. ..... 

Temp., 'I? ..... 
-. .- ___ 

This supposition is borne out b an observation at Drmel 

essentially parallel to the sea-level isobars and a t e i -  
perature only 2' C. higher than that at  Ellendale as 
a ainst a normal difference of 5' C. Presumably then 

closely similar to those at  sea level, and the source of the 
air supply at  Ellendale was a considerable distance 
westward. It may be added as significant that on the 
following day, 2Gth, the free-air temperature had risen 
some 5 or 6' C., the wind direction still being WNW., 
which indicates that by this time air originating from 
the Pacific coast in the northwestern part of the HIGH 
was passing Ellendale. This seems reasonable from 
the fact that the speed of the free-air winds WAS about 
50 m. p. h., or 1,200 miles er day-approsimately the 

TABLE 13.-Ellendale, N .  Dak., winds and lencperalicres at d kiln- 
meters, January 94-25, 1919. 

on the 25th, which showed a N% W. wind at 3 kilometers, 

t % e free-air isobars in the northern part of the HIGH were 

distance from Ellendale to t R e coast. 

Feb. 25. Fob. 26. 
- . .______- 

9 a . m  ....... 1 n . m  ....... 111.m ....... 2 a . m  ....... 12m. 
W N I V  ...... RNW ...... WNW ...... NW ......... NNW. 
-2.9 ........ -1.0 ........ -3.5 ........ -8.9 ........ -S.'L. 

... - ... -. . __ . ___ __ . - . - 

1919 Jan. 24. 

Time ......... 12m .... 3 m 7 p . m  ... 10p.m.. 
Wl nd ........ WNW.. \$.-.::: WNW.. WNIV.. 
Temp., "C ... -7.3 .... I l i l  -11.4... -14.1... -lJ.O... 

19x3 I Mar. 5. I Mar. 6. 

Jan. 25. 

7a .m ...I 1 l a . m . .  
KW.... .I WNW..  
-13.6...1 -18.S... 

....... 30.m ..... 7n.m ..... 11n.m .... 3 x . m  ..... t 8 a . m  ..... 1p .m.  .... .... .... .... Wind ....... WNW .... WNW WNW WNW W N W  WXW. ...... -3.0 ...... -3.6 ...... -7.0 ...... -9.7 ...... -10.0. 

Surlaee wind, NW: surface pressure rcse 8 mb. 

Feb.ma:ry 25-26, 1021, Table 15.-During this series a 
well-developed LOW moved froin just north of the Dakotas 
soutlieast,ward to lower Lake Michigan. Of more 
inyort,ance, so far as free-air winds are concerned, was 
an area of intense cold between t,he upper Lakes and 
Hudson Ba . This produced in the up er levels an 

the reverse of normal; a steep mssure gradient north- 

T A B L E  l5.-DrrxeIJ A'ebr., winds and temperatures at 9 kilometers, 
Fehrzrarg 25-26, 1931. 

e.aslv.la.rd shi 9 t of t;he LOW center from its sea !i! eve1 position, 

enst,n-nrd from Drexel; and resu 1 ting st,rong NW. winds. 

ho. I,--ure nnd temper@ture distribution, 8 a. m., 75th meridian time, Nov. 3, FIG. G.-Prcssum and temperature distribution, 8 a. m., 75th meridian time, Nov. 80, 
19la. I9lB. 
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remarked that temperatures at  all levels were lower on 
the 29th than on the 28th, when the HIGH estendecl con- 
siderably farther north and brought to Ellendale succes- 
sively colder masses of air. 
TABLE 16.-ElZeidaZe, N .  Dak., winds and lentpsrntures at 3 kilo- 

meters, November 29-30, 191P. 

N O ~ .  30. 1 191s 1 Nor.  28. 

T h e  ... 

Surface wind, NW. bzkiug to WSW., then veering to N.: sirfare pressure fell i mh, 

Too much importance should not be attached to the 
lvgber temperatures on the west side of the northwestern 
m w  shown in Figures 5 and 6, than on its east side. 
As is well known, this is characteristic of North Pacific 
coast LOWS but in all probability is confined to low levels. 
Its principal effect, in c,onjunc.tion with that of a reverse 
temperature distribution at higher levels, would be a 
greater tendency to symmetry with height, i. e., the 
absence of pronounced nortaliwestward shift of the LOW 
center. In all probability the increasing temperatures at  
Ellendale were caused by warm air being brought from a 
southerly point round the northern side of the HIGH rather 
than by air at approximately t,he same latitude which wa.s 
warm owing to the ocean's influence, for this latter is 
almost certainly in large part a surface phenomenon. 
As indicated in the figures, Dreselm-as in the sa.megenera1 

air stream as was Ellendale, upper winds on the 28t,h to 
30th being northwesterly and the t.emperatures falling from 
the 28th to 29th and risin from t.he lat.t.er to the 30t.h. 

series are considered together, because they overlap each 
other as to time and because the conditions in the Far West 
during these three days were markedly uniform. An 
unusually well-developed and active HIGH was central 
over southern Idaho throughout this period. Not only 
was it stationery in position, hut .also practically con- 
stant as to intensity, varying but little from 30.8 inches 
at  its center. There was a moderate LOW, also stationary 
for the most part, just north of Montana. Temperature 
contrasts were marked, there being low values in the 
main part of the EUQH, where clear weather prevailed 
and radiation was active, and high temperatures on all 
sides, those to the northetmt being presumably the result 
of chinook action. 
TABLE 17.-Broken Arrow, Okla., winds and temperatures at 3 kilo- 

meters, December 15-16, 1919. 

Decem.ber 15-17, 1919, k ablcs 17 and 1s.-These two 

DW. 16. I 1919 1 Dee. 15. 

T h e  ....... E r n  ...... 5 n . m  ..... 10p.m .... 7n.m ..... 1Ia.m .... 3n.m. 
Wind ....... WNW .... WNW .... W ........ WNW .... W ........ WNW. 
Temp., OC.. -8.0 ...... -8.0 ...... -5.7 ...... -4.6 ...... -2.1 ...... -1.4. -7 I I I I I 

I I I L - - L - - - l - - -  

Surface wind, SSW.: surface ~WSSUN fell 7 mh. 

TABLE 18.-Drexel, Nebr., winds and temperatiires al 3 kiloriieters, 
December 10-1 7, 1919. 

Der. 17. 

I l l  

Dee. 10. 

I 

Time ....... 10a.m .... 2@.m ..... 10n.m .... 5n .m ..... 10n.m .... 2 n . m .  
Wind..:. .. WNW. ... WNW. ... WNW .... JV.. ...... NW ....... KJV. 
Temp., C.. I / / / / /  -7.5 ...... -8.4 ...... -4.2 ...... -5.0 ...... -3.0 ...... -1.4. 

Burface wlnd, NW. veering to NNE. nnd later to FSE.: sarface yressurc rose 2, then 
fell 6 nab. 

When this HIQH first came southward, it brou h t  to 
the western part of t-he country a lar e mass o 9 cold 
air, as indicated by observations at  E fi endale, Drexel, 
and Broken Arrow where a decided decrease in tempera- 
tures occurred a t  all heights reached-3 to 4 kilometers. 
As soon, however, as the HIGH became stationary and 
m i  appropriate circulation was established, this cold air 
to the east was displaced l ~ y  warmer air originating on 
the western side of the HIQH and flowing round its north- 
ern side. This condition wns widespread, both horizon- 
tally and vertically, being apparent at  the 3 stations 
above named a.nd being a.lmost as pronounced at 4 

t,herefore to the upper limit of the troposp resumably ere. At 3 
kilometers as near the surface, extending 

kilometers pressure remained unchan ed, the rise in 
teniperature of the a.ir column being o % set by a fall in 
the surfa.ce pressure, as indica.tec1 in the tables. 

,Janwr!/ 9-10, 1920, Table 18.--bs indicated in the 
table, ttic course of teni erature change was not progres- 
sively in one. direction, t ut consisted first of a rise and 
then of a fall; During this entire period pressure was 
again exceedingly high in the Plateau region, and it is 
simificnnt to note that pressure was highest over sout.liern 
I&ho on the 9t.11, but over Washington on the loth, ap- 

another HIGH advancing 
From British C!oluni ia. Ith this change there was 
nppa.rently an alteration in the circulation, the air flow- 
ing past orexel no longer coming from the Pacific Ocean 
round t,he northern art of the HIQH, but from the Can- 

cluration, as revealed by an observation on the l l th ,  
which showed a tem ernture of -17' C. at 3 kilometers 

renitirk also that. on the day receding this series, 8th, 
was central over 

Washington and t-liat the temperature at  Drexel and 
3 kilometers fell 4' C. durin the nest 24 hours. Thus, 
during the entire period, 8% to l l th ,  inc.lusive, there 
was intimate relation between the free-air tem erature 

arently due to niercwwe wi g .' wth  

atlian Northwest. ! his influence was of considerable 

or n furblier drop o P more than 5' C. I t  is worthy of 

the IIIGH, already well deveoped, 7 

and the position of the HIGH, i. e., t8he source o P the air 
"pply. 

TABLE 19.-Drerel, Nebr., winds a.nd temperdures d 3 kilometers, 
January 9-10, 19.30. 

. -__- 
Jan. 10. I Jan. 9. 

I 
Time ............. ' 1 0 a . m  2 m. 6 .m. 9 m. 1 a . m .  5 a . m .  9 a . m .  2 
Wind.. .......... ! W ..... : 1 JVk W {\V\ W 4 &W\ \VN W { WN W 1 WNW./ &w": 
Temp.,'C ........ 1-16.1 ... -13.8.. -10.1.. -8. 4... -9.L.. -9.L.. -10.2.. -11.4. 

I I I I I I I I 

Surfrccc wind, SSW. veering to NNW.: surface pressure fell 2, then rase 7 mb. 

Decpmber 18-19, 18E, Table 20.-This series is of spe- 
cial interest because it illustrates not only the dependence 
of frea-air temperatures u on the source of the air supply, 

distribution in the lower levels and free-air pressures and 
winds. As indicated in Fioures 7 and 8, tem eratures 
just north of the Great La&es and along the 2 ulf coast 
differed by slightly more than 100' F. This stee gradi- 
ent was c1inrac.teristic of much of the month, as s E own in 
hfoNTHLY WEATHER REVIEW Chart 111, "departure of 
mean teinperl'nture from normalJJ' nnd as discussed on 

ages 6.59 to G G l  of that journal for December, 1922. 
fn  conformity with it, free-air winds were westerly and 
fairly strong over pretty much the entire country 

but also the close relation 5: etween horizonta.1 temperature 
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igm Mar. 30. 

TABLE 20.-Drexel, Nebr., winds and temperatures at 3 kilometers, 
December 18-19, 1998. 

M=. ai. 

Dee. 19. 
I I I 1  

Dee. 18. 

Time ....... I 10a in .... I 2 m 1 6 1 1 1  1 1 1 m  .... _ _ _ _  ( 6 a . m  ._.._ .... 110a.m. 
Wind ....... W..:...... 2%:::: &N\f:::: WRW WNW W. 
Temp.,OC.. -12.0 ..... -10.4 ..... -11.4 ..... -9.9 ...... -6.1 ...... -5.5. 

Stdace wind, SSW.; surface pressuwfcl11.1 mb. 

The increase in temperature with a north component 
wind at  3 kilometers appears in this case, as in others 
alread cited, to be due to the air’s having followed a 
curvdpa th  round the northern part of a practically sta- 

HLGH. In  the present instance a vigorous LOW 

cant to note that the temperature rose decidedly although 
the surface pressure fell, a good example of the usual 
condition in this country, i. e., cyclones warmer than anti- 
cyclones. A similar warming occurred at  Ellendale, but 
in this case the upper wind changed from WNW to W 
and WSW under the influence of the advancing LOW. 

from tionY t e Pacific coast doubtless contributed; it is signifi- 

INCREASING TEMPERATURES WITH SOUTH COMPONENT 
WINDS. 

Table 11 shows that 225 series of observations were 
made with the upper wind continuously from a southerly 
direction. In 56 per cent of these a m e  in tem erature 

tion between wind direction and temperature are found 
in 2 series of fbghts on March 30-31, 1920, one at  Drexel 
and the other at Royal Center. 

March 3&31, 1920, Tables 21 and 22.-During this 
period a moderate but well-developed HIGH was central 
over the Southeastern States and a very active LOW in 
the Northwest, the letter moving from slightly north of 
Montana to North Dakota, a com aratively short dis- 

was about normal for this season of the ear. Hence, 

the different stations air that was progressively warmer. 
That tmhis was a general condition over most of the 
country east of the Rockies is shown by observations at  
Ellendale, Broken Arrow, Groesbeck, and Leesbui-g, 
‘where free-air conditions prevailed similar to those at 
IDrexel and Royal Center. 

occurred at 3 kilometers. Good examples of t E is rela- 

tance. The tamperature gradient f rom north to south 

winds from a southerly direction natural7 3 brought to 

TABLE 2l.-Drexel, Nebr., winds and temperatures at 3 W m e t m s ,  
March 30-31, 1980. 

Mar. 30. I MW. ai. 

Time ....... 10a.m .... 2 . m  ..... 5 . m  ..... 9 . m  ..... 1a.m ..... lam. 
Wind ....... W ......... \ 8W ..... 5% ....... S k  ....... SW ....... SW. 
Temp., O C . .  -4.9 ...... -2.6 ...... -3.5 ...... -4.2 ...... -1.0 ...... 0.4. I I $ /  I I I 

Time ....... .......... l10a.m ...... 
Wind ......... I W ........... ....... ......... 
Temp., OC ..... I -9.0.. ...... ........ ........ -4.4 ........ -2.4. 

Surface wlnd, WSW. backing to 9.; surrsce pressure stationary. 

Jun.e 10-11, 1.920, and JnnuumJ 6-7, 199.8, Tables 
23 and %$.-These two cases are very good examples of 
winter and summer types, respectively. In the one case 
we hsve steep temperature and pressure gradients and 
therefore vigorous cyclonic and anticyclonic develop- 
ment and movement; in the other, weak and irregular 

adients and sluggish pressure conditions, (‘ flat maps.” 
Fhese characteristic differences are strikin ly reflected 

a wind with south component prevailed and B rise in 
temperature occurred, but in winter this rise amounted 
to more than 11’ C. whereas in summer it was less than 
3’. The difference may be said to be “one of degree, 
not one of kind.” 

in the two sets of data above tabulated. K n each case 

TABLE 23.-Broken -4rrow, Oklo., winds and temperatures at 3 
kilometers, June 10-1 1 ,  1920. 

19m i June 10. I Juue 11. 

Time ......... .. ... 
Wind ......... ........ .... .... .... ........ .... 
Temp., OC .... ...... ...... ...... ...... ...... 9.6 ...... 9.4. 

I I I 

Surface wind 8.: surface pressure fell 2, then row 6 and flmlly fell 3 mb. Qradlenta 
both pressure ahd temperature, were of the summer tpe-weak and irregular. A mod: 
erate l l l l iH  covered the Southeastern and Eastern taka and an Ill-deRued LOW was 
central over the Dakotas. Temperature was only slightly higher in the South thanin 
the North. 

FIG. 7.-Pressure end temperature distriuuJon, 8 8. m., 75th nieridian time, Dee. 18, FIG. 8.-Pressure and temperature distribution, 8 a. m., 75th merldl8n time, DeC. 19, 
1Pa2. 
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TABLE 24.-Drezel, N e b . ,  winds and temperatures at 3 kilometers, 
January 8-7, 1929. 

lsp I Jaj.6. 1 Jan. 7. 

TI- ....... 1 .m ._... . m  ...._ 1 a . m  ... : . J 5 a . m  __.._ j 9 a . m  _..__ lvig: 
Wlnd ....... $SW ..... S b  ....... SW ....... WSW ..... W......... 
"emp.,'C.. -16.2 .___. -15.0 ..__. -14.8 .__._I  -12.4 ...._ -7.5 _.._..I -4.9. 

Snrfam wind 8.: surfam ressure fell 4 mb. A pronniinced aiid well-develo ed 1i1c.11 
mered the miem yt o& country on these two days, Its center moving from Illi- 
noisand Iowa to the owex Lake region. Weather rmditious at Drexel were controlled 
by Lbta HIOR thIlghOUt the Sarl0S. 

The temperature change at Drexel aptarently increased 
with altitude, there being a rise of 9.S C. from 1 p. 111. 
to 9 a. m. at 4 kilometers. Increases in free-air tempera- 
ture with southwesterly winds occurred on these two c1a.y~ 
also at Broken Arrow and Ellendale. 
DECREASEEIG TEMPERATURES WITH SOUTH COMPONENT 

WINDS. 

There were 49 cases of this type, or 33 per cent of the 
total. For the most part the change in temperature 
was small, but in a few instances it was consideralde. 
Data for a few of these are iven in the following esaiiiples: 

able in that racticdly no precipitation occurred in any 
part of the e nited States; in fact, from 8 a. ni. of the 
8th to the same hour of the 9th, 75th meridian time, the 
only rainfall reported was 0.01 inch at  Tntoosh Island, 
Wash., and the same amount nt Eastport, Me. Pressure 
was high everywhere; centers of activity were in the 
Plateau region and over the eastern half of tho country, 
with only relatively low pressure between them. The 
western HIGH increased considerably in intensity from 
the 8th to 9th, and this development was accompanied 
b a material cooling on its eastern side, particularly in T3 tah and Colorado. Meanwhile a very weak LOW (its 
lowest re-ssure was above 30 inches) formed over western 
South bakota and Nebraska. From this development 
of HZGH and LOW there resulted a more active circulation 
betw-een the two, the SSW. winds at Dresel now bringing 
in colder air from the southeastern uadrant of the 

rather abrupt. Accompanying it was a very pronounced 
increase in relative humidit from 1 kilometer u ward 

crease was confined to a shallow stratum, there being 
none at 1 and 3 kilometeis and less at  33 than at 3 kilo- 
meters. This case is a very ood csaniple of olnr air 

and then averted northward round a LOW in too short 

November 8-9, 191 7, Tu 5- lc 25.-This period is remnrk- 

HIGH. The change occurred near mi 8 night and was 

and the ra id formation of B t Cu, following severa P da s 
of practic 3.l y cloudless weather. The tempcrature 2- 

being brouoht southward on % t e eastern side o lp a HIGH 

a time t.o enable it t.0 assume the temperatures more 01 
less approaching the normal of the latitudes which it 
passes. 
TAIILE 25.-Drerel, A'ebr., winds and temperatures at 3 kilometers, 

Notiember 8-9, 1917. 
. . ... .. _. . __ . - - - . - __ .___ .. _-.__I__-_._ 

Norember e. I .  1917 I Hovembcr8. 
-. -. . - .__ . - 

Time ..___._..__. / E m . .  
\\rind .__.._..____ 1 s ._..__ 
Temp., OC! ._.___. 13.0 _.._ 

Aiufacc wiiid, SE.: snrfrrce pressure tell 7 mb. 

June 9-10, 1920, Tab7~ %.-High pressure wit,h no well- 
defined cent.er, overlav t$e Eastern States and there was 
a moderate LOW in the estreme Sout-hwest. Tempera- 
ture gradients were from E.-W. inst.ead Qf N.S., in other 
words, t.eniperat.nres were lower west and southwest 
of the station t.hnn they were at! the station itself; hence 
tho SSW. winds at Drexel drew in air from a cooler region. 
I t  seems likely t'hat t,his cooler air was first hrou ht south- 
ward by a moderate HIGH t,hat was centrd in dsh ington  
on t.he 9t.h. Thus it often happens that a. HIQH or LOW 
which nppetm to lime no direct relation tq tshe weather 
t1.t n given p1ac.e may in reality, in an indirect way, be 
responsible for t,he chan es that occur, which is only 

me never d i o l l ~  local in character but are s u  ject to in- 
fluences whose only limits m e  tshose of t.he entire atmos- 
phere itself. 
TABLE 3K-lhe.rc.2. Xebr. ,  iuirrds and lrmperatures at 3 kilometers, 

June 9-10, 1990. 

1 another way of saying t. a at meteorological henomena 

1R%l June Y. I Juae 10. ....-_I_ . i 

'l'lie northwestern HIGH diminished in intensity from 
the 9th to loth and as a result the southward flow of cool 
riir ceased. Hence, it is found that free-air temperatures 
a t  Dresel inc.reiiset1 during tho 34 hours following this 
series, i. e., from the loth to l l th ,  with SSW. winds; also 
at Broken Arrow as shown in Table 23 and accompanying 
rlisc.ussion. 

,Uay 2.5-3, 1322, Table 27.-ThiS series is of s ecial 

quttrter, but also because of the prevalence of easterly 
winds to great heights. Pressure and temperature con- 
ditions over the country at  8 a. m., 75th meridian time, 
of each day are shown in Figures 9 and 10. The air in the 

interest not, only as showing polar air from a sout R erly 

Fro. 9.-Pressum m d  temperature distribution, 8 a. m., 75th meridian time, May 25, FIG. lO.--Pressure and temperature dlstrlbutlon, 8 a. m., 75th meridion time, May 26, 
1922. 19!22. 
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SE. and ESE. winds at  Ellendale on the 26th evidently 
originated from the eastern side of the HIGH central 
north of the up er Lakes. This view is sup orted by 

winds were NE. and E., respectively. On the following 
da , 27th, the same wind structure revailed, viz, NE. 

time, however, the HIGH had developed further and 
s read eastward and temperatures had apprecinbl risen. 

and 27th, a small increase in free-air temperature at  
Ellendale occurred. It is worthy of note also that even 
from the 25th to 26th the decrease at Ellendale, as in 
some cases previously discussed, did not estend much 
above 3 kilometers. At 4 the change was only about 
lo c. 
TABLE 27.-Ellendale, N .  Dak., winds and temperatures at 3 kilo- 

meters, May 26-16, 1922. 

I May 25. I May 20. 

observations at  E ansing and Madison, where t g e free-air 

at  E ansing, E. at  Madison, and SE. at E llendale. By this 

I s  a natural consequence we find that, between t ?- le 33th 

Time ....... 1 p . m  ..... 6 p . m  ..... l l p . m  .... 5 a . m  ..... 10a.m .... 
Wmd ....... E ......... E ......... E ......... SE ........ SE ........ %Em' ........ 5.6 ........ 5.1 ........ 4.2 ........ 3.8 ........ 1.0. 

Burface wlnd, ESE.; surlace pressure practically stntlonary. 

Further inspection of Figures 9 and 10 shows that 
unusually high temperatures for this season of the year 
prevailed in the northern part of the country and that 
the gradient southward was very small. I t  is not sur- 
prising, therefore, to find free-air eastor17 winds, par- 
ticularly since the temperature distribution was asso- 
ciated with a higher prcssure in the North than in the 
South. That these wmds were of great vertical estent 
is indicated by a bnlloon run at  Ellendale on the morn- 
ing of the 25th, when ENE. hacking to NNE. were 
observed between 3,500 and 7,000 m. There was a 
further backin to NNW. at  10 kilometers, but at  all 

Very levels the spee was low, averaging 5 to G m. 
much the same condition prevailed on the a teinoon of 
this day, but by the 2Gth the speed had increased to 
about 15 m. p. s. and the direction had veered to SE 
at heights between 1 and 5 kilometers. A kite flight on 
t.he 27th showed that the wind was still SE. at  4 kilo- 
meters, although the speed had diminished to about 

lo&g'$e development and eastward estension of the 
upper Lakes HIGH, already referred to, and the continu- 
ation of a weak temperature gradient from the north to 
south, the upper easterly current gradually s read over 

try, being most pronounced on the 27th and BSth, then 
extending southward on the 29th and 30th; in all cases 
reaching altitudes between 5 and S kilometers. 

In  connection with this general westward drift it is 
interesting to note that cyclonic development and niove- 
ment were practic.ally at  a standstill. For instance, as 
shown in Figures 9 and 10, the MW central over northern 
Missouri on the 25th had near1 disappeared by thc 2Gth, 
and completely so by the 97d.  I t  may be added that 
this same LOW in its earlier stages moved from the 22d 
to 25th only about 200 miles, viz, from east,ern Oklahoma 
to northern Missouri. During tlis period dso frec-air 
easterly winds were general. A northwestern LOW had 
a somewhat similar history. As indicated in Figure 10, 
this m w  on the 26th was a troughlike depression estencl- 
ing from just north to just south of eastern Montana. 
On the 27th practicall no trace of it  remained, an ex- 
cellent example of a "dying cyclone," because of little 

d p- 9. 

much of the northern and eastern portions o P the c.0~11- 

temperature variation on all sides. As already stated, 
the upper easterly current extended southward after the 
2Sth and in this connection it is significant to note that a 
LOW of small intensity but accompanied by considerable 
precipitation remained in practically a stationary posi- 
tion just south of Mississippi and Alabama from the 
28th to 31st. 

INCREASING TEMPERATURES WTTH WIND CHANGING FROM 
NORTH TO SOUTH COMPONENT. 

Of the 42 series of observations made with this type of 
wind change (see Table 11) SG per cent showed a pro- 
gressive increase in free-air temperatures, the increase 
usually being very pronounced. Data for two series on 
March 9-10, 1921, at Drexel and Royal Center p e  given 
in Tables 2s and 29. 
TABLE 28.-Drcxel, Nehr., winds and temperatures at 3 kilometers, 

hiarch 9-10, 19.91. 

i 
1921 I Mar. 9. i Mar. 10. 

....... ..... ..... ....... .... .... ..... ..... ..... .... ..... ....... 
Time 9s.m 1 .m 
Wind WNW d N W  
Temp.,"C.. -16.2 -13.8 -26. I I - -  -- 

Surface wind WSW.; surface prcssure fell 1.5 mb; weather generally clear, except fm 
5/10 to 7/10 Ci and Ci St between 4 and H p. m. on the 9th. 

TABLE 39.-Royul Center, Znd., winds and tetnperatures at 3 kilo- 
meters, March 9-10, 1951. 

Mar Q. Mar. 10. 

__-.__ 

_ _  
I 

Timc ......... 
Wind ........ ..... ... 
Temp., O C  .... .... .... -6.7 .... 

Surface wind NNW. backing to SSW . surhce pressure rose 6 then fell 3 m b  durlng 
the first day there was Considerable ribudiness of Intermediate types; after'6 p. m. 
weather was clear. 

These two series, when considered together and in 
connection with the weather maps, bring out some inter- 
esting points. For one thing they show the essential 
conformity of free-air winds, 1. e., isobars, to horizontal 
temperature gradients, to a large estent regardless of 
changes in surface pressure distribution introduced by 
passing IIIGHS and MWS. This is clearly seen by com- 
paring the wind directions at 3 kilometers, as above 
tabulated, with the ressure and therefore wind changes 

On the 9th a t  Royal Center surface winds were NNW., 
as would be ex ected, but at  3 kilometers they were SW. 

As the HIGH moved eastward the trend of the isotherms 
changed to WNW.-ESE. and later to W.-E., winds at  
3 kilometers meanwhile veering to WNW. and then back- 
ing to W. Similar changes occurred at  Drexel. That 
tho 1at.i tudinal temperature radient was stee 

t.ions wit.11 kites at  Broken Arrow and Groesbeck, as 
folloms : 
TABLE 30.--Tetnperat~cres at 3 kilometers on March 9-10, 1991, at 

1921 I 3far. Q. I Mar. 10. 

occurring at the su I t  ace as shown in Figures 11 and 12. 

or WSW., su R stantially parallel with the isotherms. 

\ at kiloineters as well as at  the sui 5 ace, is shown by o serva- 

Drezel, Broken Arrow, and Groesheck. - ............... ~- 

Timc .................................................. 1 0 s . m . .  3 p . m  ... 10a.m. 
Dresrl ................................................. -15.5... -- 12.5 ... -5.0. 
Brokcn Arrow ......................................... -Q.5 .............. -0.6. 
Grwshrck.. ......................................... -1.. ....... 1 0.2. . I  

The normal difference at 3 kilometers In March between Drexel and Broken Arraw 
ia 3.V C., and between Drexel and Grmbeck, 7.3' C. 



JANUARY, 1934. MONTHLY WEATHER REVIEW. 13 

Observations with pilot balloons Jso show that in all 
parts of the count east of the Rockies and north of 
central Florida win 7 s at 3 kilometers were between SW. 
and NW. and in 75 per cent of the cases they were between 
WSW. and WNW. 

It is si Xcant that the HIGH shown in Figures 11 and 

close agreement with the air movement generally pre- 
vailing at 3 kilometers. It is interesting further to note 
that on the morning of the 8th winds above 2 kilometers 
at  Ellendale and Drexel were NNW. to WNW. At this 
time the HIGH was central just north of Montana. Its 
movement south-southeastward was in good agreement 
with the trend of. the isotherms and the resulting free- 
air winds.O 

The for oing discussion constitutes to some extent a 

studying any body of meteorological data one usually 
comes across many points of interest which seem to nient 
some attention but which would very likely not receive 
such attention unless first introduced as " side issues," 
so to s eak. Later these niay themselves become the 

sub'ect in hand. 
dhe dependence of free-air temperatures upon the 

source of the air supply is convincing1 shown in the 
tabulations above given for Drexel a n i  Royal Center. 
The HIGH, central north of Montana on the morning of 
the 8th, brought with it a large mass of polar air. At 
Drexel on this morning wind and temperature a t  3 kilo- 
meters were WNW. and -1l'C., respectively. As the 
HIGH moved southward the wind remained WNW. or 
perha s veered to NW. and the temperature continued 

the 9th it was -16.2'C. Thereafter with the eastward 
movement of the HIGH and the accompanying change in 
the trend of surface isotherms the wind at  3 kilometers 
gradually backed to WSW. and the temperature rose 
ver decidedly. 

!&e records at  Royal Center are of special interest, in 
that they show the temperature chan es accompanying 
a change in wind from south to nor81 and later from 
north to south component. In the first flight! on the 
9th at  11 a. m. the wind at 3 kilometers wiis still SW. 
in substantial parallelism with the surface isotherms, 

12 move r almost directly east from the 9th to loth, in 

digression T rom the main purpose of this paper, but in 

bases o P separate studies. We shall now return to the 

to f a l r  -to what value is not known, but at  9 a.m. on 

0 For a dtscus.?Jon of the relation hetWFa Iree-air winds and the mOV'emmtS of HlGnY 
and its aid in forecasting see ''Relation between rate of morrment of anticyclones and 
the direetlon and velociiy 01 winds slolt;' by C. L. hfitchrll. Mo. WEaTnER REV., 
May, 1922. 50: Nl-WZ. 

although the influence of the HIGH was already a parent in 
the lower levels, t.he winds there being NNW. i y  7 p. m 
t,he winds at 3 kilometers had veered to WNW. and th; 
temperature hac1 fallen from - 9.7' to - 12.S' C. There- 
after, with furbher advance of the EUGH past the station 
and accom anying change in the isothermic distribution 
the winds facked to WSW. and W. and the temperature 
rose to -6.7' C. On the 11th this HIGH was central 
some distance off the middle Atlantic coast, the wind 
at 3 kilometers was WSW. and the temperature had 
risen still furt.her to -3.2' C. 

During the latter part of this month a series of 8 flights 
at Ellendale, niacle in connection with ra id and pro- 

tion of the normd relation between free-air winds and 
temperatures, as discussed in the following paragraphs. 

March 2s-29, 1991, Table 31.-This senes was made 
near the end of n period of exceptional barometric 
activity, the main features of which, so far as meteoro- 
logical conditions at Ellendale are concerned, was a 
well-developed HIGH preceded and followed by equally 
well-developecl LOWS. The first LOW assumed definite 
character on t,be morning of the 26th when it was central 
over southeastern Colorado, the lowest pressure bein 

and was accom a- 

to the St. 

nouncecl changes in pressure, gave an exce P lent illustra- 

29.2 inches. During t,he nest 24 hours it moved, wit f 
winds. Therea P ter 

undiminished rigor, to Lake 
niecl by general precipitation 
it decreased in energy and 
Lawrence Valley. 
TABLE 31.-ElIendale, N. Dak.. winds and lemperatztrea at 3 kilo- 

vnefera, March Pi?-29, 1921. 

1921 I Mar. 2s. I Mar.%. 
- 

I ,  I ,  
Time __...._____.. ?:a.m. 1 p . m .  4 m. 8 m 11 m 3 a m  S a m  lam 
Wind Temp.OC _._________.. _____._. . ( - 1 t i . 6 ~ - 1 3 . 1 ~ - l O . S ~ - l O . O (  N W  _ _  N W  _ _  N% ._ dNWl \YEW: -7 .11 WI..: -3.31 WSW: -4.11 WSIb. -5.2 

Surlwc wind 8. veering to SSW.: siirlwe pressure IellMmb. (1 inch); weather generally 
cloudy-nioatly A Cu, A St, and Ci R t .  

Meanwhile a HIGH which appeared in the Canadian 
Northwest on the 26th advanced southward and was 
central over Iowa and Nebraska on the morning of the 
2St.h. Thereafter it diminished somewhat in intensity 
and innved eastward to the Atlantic. A severe cold 
ware acconi anied this HIGH, progressively overspread- 

damage to all e d y  fruit and much of the later varieties 
ing sections P nrther and fnrt.lier east, and wrought senous 

Fro. ll.-Pepnue md tempereture dlstrII;im, 8 a. m., 75th merldtan time, Mar. Q. FIG. lZ.--Pressure and temperature distrh!ion, 8 a. m., 76th meridtan time, Mar. 10, 
1u1. IWAl. 
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1921. Jan. 24. 

Titile ....__._.. l l n .  m ..__._ 3 . m __.__._ 7 .in __.__._ 11 ni ._._._ 
\Vind .._.___._ E ._...._.__. E&E _ _ _ _ _ _ _  ESE ____.___ ES% ._.___.. 
T ~ I I ~ ~ . , ' C  ..... -6.0 ........ l l i  -5.G ......... 4 . 7  .......- --SO ..-..... 

over most of the central part of the country. This de- 
struction was especially severe because of abnormally 
high tem eratures which had prevailed durin most of 

LOW which on the morning of the 29th was central north 
of the Dakotas with a pressure of 39.2 inches or lower. 

Throughout this period a close relationship was found 
between free-air winds and temperatures. The crest of 
the cold wave reached Ellendale on the 27th, with the 
HIGH to the northwest and the LOW central over Lake 
Superior. Upper winds at  Ellendale were generally 
northwesterly, in close agreement with the trend of the 
isotherms and with the HIGH'S path during the next 24 
hours. Temperature at  3 kilometers was -22.4' C. By 
the next morni , 28th, the HIGH had advanced some 

was coming in from the northwest, accompanied by B 
marked rise in temperature. Surface isobars and iso- 
therms between these two systems intersected almost at 
right angles, with the result that winds in the lower 
levels at Ellendale were souther1 , whereas they were 

latter were now brin ing in air from a distinctly warmer 

the LOW. Hence, as shown in Table 31, the temperature 
at 3 kilometers had increased from -22.4' to - 1G.G' C. 
With the eastward movement of both HIGH and LOW 
from the 28th to 29th the upper winds gradudy backed 
to WSW. and the temperature at  3 1domet.ers rose with 
this cha e to about -4' C. It is interesting to add that 

NW., the temperature had fallen to - 18' C. 

the mont R . The HIGH was followed by a well 5 eveloped 

distance south o T the station and a well-developed LOW 

still northwesterly in the upper T evels. However, the 

region than on the % ay previous under the influence of 

on the fo Y lowing day, 30th, with a wind change back to 

DECREASING TEMPERATURES WITH WIND CHANGING FROM 
NORTH TO SOUTH COMPONENT. 

There were only two cases, 5 per cent of the totnl, 
showing a decrease in temperature with this type of 
wind cha e, and in each case the amount of the decrease % was only 2 to 3 O  c. 

the upper Lakes, producing colder weather in the Lake 
region and adjacent districts. It is evident that the EYE. 
and E. winds at 3 kilometers during the latter part of the 
series at Ellendale were in realit of polar origin, this air 
having been brought in bodily i y the southward move- 

Jan. 25. 

4a.m. 
E. 
-8.4. 

FIG. l&--PreanUe 8nd tempenture distribution, 8 8. m., 76th meridien tlme, Sept. 24 
1918. 

Surfarc w i d  ENE. barking to NNE.; siirfnce pressure stationary. 

In connection with t,hese easterly winds it is significant 
that t,he LOW, as already stated, moved very little, only 
across the state of Kansas-from the 24th to 25th. 
South of it the upper winds, as observed at Groesbeck, 
were westerly but rery light on the 24th; by the 25th 
they had increased in strength sufficiently to cause a 
more rapid movement of the LOW, which on the 26th was 
central over western Florida. By this time the area of 
upper easterly winds had !dvnnced east-southeastward 
with t.he HIGH but was of liniited extent, covering only 
t,he region from Indiana to Virginia. Its presence, how- 
ever, rendered impossible n northward component in the 
course of the LOW which, as already stated, moved south- 
eastward under the influence of the stronger westerly cur- 
rent still farther south. By the 27th the HIGH had mod- 
erated greatly in intensity, easterly winds no longer pre- 
vailed at  great heights and the LOW was moving slowly 
east-nosthxstward sonie distance off the Atlantic coast. 

DECIiEASlNG TEMPERATURES WITH WIND CHANGING FROM 
SOUTH To NORTH COMPONENT. 

Table 11 shows 32 series of observations with this type 
OI wind change. In GS per cent of thesc free-air tempera- 
tures c1ecreasc.d quite markedly. ,4 good illustration of 
such decrease is atrorded by a series of 7 successive kite 
fli+ts a t  Ellendale, N. Uak., on September 24-25, 1918. 
This series has special interest in that the free-air winds 

FIG. 14.-P1wsure and temperature distribution, 8 8. m., 76th merldh time, Sept. 16, 
1918. 
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up to at least 4 kilometers had an east instead of a west 
component and were associated with a LOW whose course 
for this season of the year was decidedly abnormal. 
The wind and temperature conditions at 3 kilometers 
are given in Table 33. 

T A B L ~  33.-Ellen&le, N. Dak., winds and temperatures at 3 Kilo- 
meters, September 94-85, 191 8. 

Sept. 25. I la8 I Yept. 24. 

Tlme ._......_ 930a.m. 13Op.m. 6p.m ... 10p.m.. 2 a . m  ... 6:30a.m. ll:3Oa.m. 
Wind,m.p.s. SSE. 10. SSE. 8.. E. 12 .._. ESE. 10. E. 14 _... ENE. 12 NE.  14. 
Temp:C .... I I I I I I I  6.0 __.... 7.0 ....._ 4.0 ...... 1.0 _...._ 2.4 ....__ 3.3 ...... 2.6. 

I I I I I 1 __I 

Winds at the surface were easterl and fairly strong, 

to NNE. and diminishing to G to 8 m. p. s. a t  about 
midni ht. Surface pressure was nearly stationary at  

gradually to 971; meanwhile the pressure a t  3 kilometers 
rose from 710 to 714 mb. The change in pressure dis- 
tribution at Ellendale was very definitely from cyclonic 
to anticyclonic, as indicated in Figures 13 and 14. The 
southeasterly winds a t  3 kilometers on the 24th and the 
northeasterly winds on the 25th were distinctly of ec ua- 
torial and polar origin, respectively. The wind s\iift 
occurred first at and near the surface and latex progres- 
sively at hi her and higher levels until on the 35th there 
was a soli c f  northeasterly current reaching a t  least to 
4 kilometers with little variation in speed, t,he average 
being about 12 m. p. s. There were no high clouds on 
this day, and no free-air observation was made on t.ho 
26th, but on the 27th there were about 5/10 Ci St. moving 
from northeast, notwithstanding that winds up to 5 
kilometers were westerly with a speed of 15 to 18 in. p. s. 
By this time the HIGH north of Ellendale on the. 35th 
had moved southward and covered a wide area, wit$ its 
center over Nebraska, as shown in Figure 15. I t  was 
attended by relatively cool weather whereas farther north 
the temperatures were from 10' to 1.5' F. higher, a dif- 
ference sufficiently large to reverse t.lie pressure gradient 
at the cirrus level and probably for some distance below it. 

The easterly current not. only reached reat altit.udes 

of the interior of the count,r Free-air minds at  Dresel 
were southerly on the 24ti; backing t.0 southeasterly 
on the 25th and still farther t.o northeast,erly up t,o 4,300 
meters on the 26t.h. In  all cases t.hese winds were 
moderately strong, about 12 to 15 m. p. s. except at  3,500 

10 to 15 m. p. s., in the early part o 9 the series, backing 

962 m B . until 6 p. m. of the 24th, after which it rose. 

but also gradually extended over a consi a erable portion 

to 4,300 meters on the 26th where their s eed fell to 8 
m. p. s. This day was cloudless, but on t rl e 27th there 
were a few Ci from east-southeast. Cloud movement in 
general, including the cirrus and other high level forms 
was from east or northeast over the southern and south- 
eastern States on the 27th and 28th. 

This deep and widespread easterly drift a pears to 
have been close1 associated with a LOW wEch, &t 

general south-southeastmard direction to the Gulf, thence 
eastward to Florida. The path of this LOW is shown in 
Figure 16, and its form and position in more detail on 
the 34th, 25th, and 27th in Figures 13, 14, and 15. 
Examination of records durin the 10- ear period, 1913 

appearing in Ida rl o on the 21st, gradually moved in a 

to 1925, inclusive, brin,os out t % I  e fact t at  no other LOW 

normal c.ondition. The sea level map of the 24th, 
Figure 13, shows a fairly steep and approsimately uni- 
forin pressure gradient on the north, east, and west sides 
of the LOW, witrh a somewhat weaker one on the south side. 

A 3-kiloinet.er map, Figure 17, pTepared in accordance 
wit.li Meisinger's system of reduction,1° indicates nearly 
the same condition with the esception that the major 
asis extended NNW.-SSE. instead of NNE.-SSW. 
This free-air distribution of pressures and winds would 

a stationary or at  most a slow-moving LOW, and 
wo i111t17 d make impossible a movement to the north, east, 
or west. To the sout,h, however, the pressure gradient, 
surface and aloft, was somewhat weaker and in addition 
there was, as already stated, a, lack of symmetry here, 
the upper isobars crossin0 those at sea level. The south- 
eastward extension of tee LOW is yet more marked at  
higher levels, as shown in Figure 18, which ves the 
pressure dishibution at  3 kilometers.I1 At 4 ki 'i' ometers, 

10 The preparation 3ud signlficsnce of free-air pressure maps for the central and eastern 
Vnited Stntes. Mo. \ v E l T U e R  REV. SUPPLEMENT NO. 21. W. B. No. 7%. 1921. 

11 For themethwl olconiputiii prwwresat 3and 4kilometerssee"Thelaw olpre%sure 
r2tio.s and its auplicolion to thee~artingofiaobsrsiu thelowerlevekoItbe tropos here.'' 
by 1'.  Le Roy Mcisinger bfo. WEATHER REV. Septomber,,l923. 51:4374L! It is 
iiitcrcstiiig to note that thdcornpuled pressureat Omaha \n%s20.91uiches,and theobrerued 
pressure at Drerel, 20 miles west, was also 20.94 inches. 

Fm. ll.-Prewue snd temperature distribution, 8 a. m., 76th merldlan tlme, Sept. 27, 
1918. 

FIG. 16.-Traek of canter of LOW from 8ept. 21 to 30,1918, InclUSlve. 
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the map for which is not re roduced here, the ressure 

with somewhat higher pressure between the two centers. 
This free-air pressure dlstribution is decidedly abnormal, 
there bein ordinarily a nort.hwestward shift of the LOW 

to the southeast of its sea level position seems in this 
case to have been due to comparatively low temperatures 
at  and near the surface in the southern part of the coun- 
try. As indicat.ed in Figure 13, surface temperatures 
vaned little from Texas to Wisconsin. A parent>ly there 

Arrow showin a temperature 2’ C. lower ab 1,000 

the observation at Broken Arrow extended only to this 
hei ht. 

!he free-air pressure distribution above outlined ap- 
pears to have been influential in determining t.he course 
of the sea-level LOW. Its movement eastward was 
blocked by the upper easterly winds already referred to. 
Southward, however, as indicated in Fi ures 13, 17, nnd 

surface and in the free air, the two systems being a - 

tion, coupled with the probably greater strengt,h of the 
northwesterly winds on the western side of the LOW t’lum 
of the southeasterly winds on its eastern side, seems to 
provide the correct ex lanation of the observed south- 

evident to the forecaster on the morning of the %th, 
possibl on the evenin of the 23d, had he ossessed all of 

times. In  this connection it is interestin to recall that 

have been used for several years, one of the “rules” 
resulting from thls use is : ‘ ‘Most cyclones showed 
decided tendencies to move toward the region where 
unmistakable cross-in tersections of upper and lower 
isobars could be perceived.” 

A feature of added interest in connection with this LOW 
is the entire absence of precipitation on its east,ern and 
southern sides until it  reached the- Gulf on the 3Gth. 
North and west .of its center, however, rain was general. 
As the free-air winds changed from southerly to northerly, 
introducing lower temperatures, relative humidit,ies at  

was about the same over Ar R ansas and over d o m i n g ,  

center wit f altitude. The presence of the free-air LOW 

was a reversal in the upper levels, a kite P ght at  Broken 

meters than t % at observed at  Drexel. Unfortunately 

18, there was a marked difference in t fl e isobars at  the 

proximately a t  right angles to etwh other. This conc P i- 

ward movement. SUC 1 movement would have been 

this i IJ ormation as to B ree-ai! pressures an a! winds a t  t.liosc 

in Japan, where pressure maps for the 3- a ilometer level 

12 Wguchl, RlMchi. High level Isobars 8s used in everyday weather servlce. Mo. 
WEATHER REV.. May, 1922. 50: 242-243. 

larl a t  2 to 3 kilometers. A decrease to very 7’ ow particu- values 
both Drexel and Ellendale increased marked1 

northerly winds. While t.he LOW was traveling eastward 
along the Gulf coast precipitation was general and in 
many cases excessive. 

Numerous other cases could be cited in which a decrease 
in temperature at  3 kilometers occurred with a cha 
from south to north component in the wind. As a ru e 
the observations were macle with a LOW to the north of 
the station passing eastward or else with the station 
successively under the influence of an eastern and a 
western HIGH. Station pressure either rose continuously 
or first fell slightly and then rose; in nearly all cases it 
was higher a t  the end than a t  the beginning of the 
observations. The amount of the temperature decrease 
was dependent primarily upon the steepness of the 
latitudinal gradient; to some extent also upon the angle 
through which the wind changed. The time of the wind 
change usually coincided very closely wit,h that of largest 
temperature change. 

2Vovember 11-12, 1918, Table &.-During this series 
the station was first under the influence of a HIGH over 
the Yt.  Lawrence Valley; later, of a HIGH central over 
Northwest Wyoming. An interesting feature is the 
recovery of temperature with a change from NNW. to 
WNW. wind between the last two flights. 

too i! place subsequently with the continuance of these 

T 

TABLE 34.-Drexel, Nebr., wiruls and temperatures at 3 kilometers, 
November 11 -1 8, 191 S. 

-~ 
1918. I Nor. 11. Nov. 12. I 

I I I I I I I 
~ 

Surface wind SSW. veering to NNW.: surhre pressure fell 3, then rose 11 mb. 

INCREASING T E M P E R A T U R E S  W I T H  WIND CHANQINQ FROM 
SOUTH TO NORTH COMPONENT. 

This type of wind change was accompanied by increas- 
ing temperatures in 7 cases, or 28 per cent of the whole 
number. The increase was small, however, amounting 
in no case to more than 3’ or 4’ C. A good exam le IS 
found in a series of 4 flights at Due West, S. C., on &to- 
her 11-13, 1923. 

Fro. 18.-Pressure dlstributlou at 3 kilometers at 8 a.m., 75th meridlan h e ,  Wt. aC, 
1918. 
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Time ................................ 
Wind.. .............................. 
Temp., 'C ........................... 

TABLE 35.-Due Weat, E. C., winds and teinperatzcres at 3 kilometers, 
October 11-1 8, 192.9. 

10a.m .... 1 2  in ..... 
WSIV.. ... J&W.-. .. 
0.8.. ....._I 3.5.. ...... 4.6.. ......I 1.1 

..... I1a .m.  .. WNW. 

- ~ _ _ _ - ~  -- 
1932 I Oct. 11. I Oct. 12. 

Surface wind WSW.: surface pressure Cell 1. then rosc 3 mb. 

During this series a well-developed LOW, central over 
the Lake re ion, moved rapidlv northeastward to tlie St .  
Lawrence $ alley, and was followed by a vigorous HIGII 
whose influence, however, was not felt at Due West until 
after these flights were completed. It is to be noted 
that the larger art of the increase occurred betwoen the 

kilometers was from WSW. There was a furt'licr in- 
crease of 1.1' C. as the wind veered to WNW., but the 
last observation showed a slight decrease with NW. 
wind. These chan es tire ersily account,ecl for: Tenipcra- 
tures were esscntia 5 ly uniform in all parh of the LOW, 
from the upper Lakes southward nearlv to t h  Gulf: still 
farther south there was a moderate gradient. l'hc WSW. 
winds at  Due West drew froni t.his warmer region: hrmce, 
the temperature rose. The WNW. minds, hoivever, 
came from a region in which the tempcratures were prm- 
tically the same as at Due West; therefore, changes a t  tBe 
latter mere unimportant. 

first and secon 3 flights in both of which t.he wind a t  3 

8UMMART AND CONCLUSIONS. 

The purpose of this paper, RS stated at  the bc inning, 

free-air temperatures and wind direct.ions in t.his country. 
Before present,ing the co~icl~~sio~is, it  may be st,xtxd that 
wind direction is of importmice mainly in so fttr as it 
represents the origiml source of the air supply. Grant- 
in this, it follows that contrasts in t.enzperaturc with 
di P erent wind directions are large or smdl in proportion 
to the steepness of the latitudinal temperature gradient. 
As is well known, this gradient is very ronounced in 

tinental and tlie other marine, and also because of the 
effects of the Gulf st re an^'^ As would be espected, 
therefore, we find greater contrasts in the temperhires 

g northerly and southerly winds in this 

continent the relationship is direct, on the average, as 
shown by Mr. C. K. M. Douglas in his " Temperature vari- 
ation in the lowest 4 kilometc?rS.''14 On page 27 he states: 

Even at the surface there is only a small correlation coeficieilt 
between temperature and the south component of the wind but no 
student of synoptic charts would deny that the origin of the air 
supply has an important effect on the t.emperature. In the upper 
air the effect is not less but rather greater. 

There are cases in which the wind direction does not 
represent at  all the original source of the Ltlr supply, For 
instance when a HIOH moves from Alaska into the interior 
of the United States it brings with it bodil a large mass 
of cold air. As this HIQH asses a place w t icli is succes- 
sivel in its SW., W., and 18 W. octant.s, south corn onent 
w i n 2  prevail, at  first SE., then S, and finally S&., yet 
temperat,ure falls rather thin rises because of the up- 
proach of the cold air accompanyimg tlie moving HIGH. 

is to determine, so far as possible, tlie relations f ,et\vcen 

this countr but comparatively weak in !L + urope owing 
to the mar i!? -ed difference in the climates, one being con- 

in Europe. Nevertheless, even in t h d  

laA parent1 dmre ardlng these differences somc writers treat t h e  results of studles 
of th& own Lts as%aviu universal a pUdtition 

14Quartrrly Jwrnd oJtL f[oyal M~teor8ogfcnl Bocidy. Vol. XLVII. No. 197, January 
1931, pp. !U43. 

88731-24-2 

In  other words, the trajectow of a particle of air assin 
the place in question is sout.hward instead of norgward 
The effect of this motion of branslation of t.he EIGH de- 
pends upon the rapidity of that motion, as compared with 
t,he speed of the winds themselves. 

Another and much more frequent case in which bhe 
wind direct,ion does not represent the source of the air 
supply is that of a nearly, or quite, stationary HIGH or LOW 
around which a fairly definite and chrtracteristic circu- 
lation has hcen established. The most common escep- 
tion is a HIGH, nearly CircuIm, with its center over Utah 
or Wyoming.ls The free-air winds in the northeast qund- 
rant of such a HIGH aro WNW. t.0 NNW. and the accom- 
panying temperature not infrequently rises. In  every 
case studied it was lain t,hat, t.he air in t,his northwesterly 
wind had orig.iniite t; from t,lie western part of tlie HIGH 
at n lower lat,itude than that of the station itself. Doug- 
las, in t.lie pa er above quot,ed, cit.es several similar cases 
in Europe. b h e n  a HIGH extends well up into Cnnacla, 
no such warming occurs, but iiistcad t.he temperature fulls 
decidedly, t,hs air coniii 0. from a long distance to the nort,h. 

A type of esception $at occurs only in summer is t.liat 
asociated wit,h R complete reversal of latitudinal temper- 
at,ure gradient, wit.h weather sometimes hotter even in 
southern Canada than in the Southern St.ates. Such es- 
ce h n . .  are rare, however. 

kt is not to be thought that in any re ion wind direc- 
tion is t.he only ftictor to he considered. 6tlier influences, 
such as radiation intensity, changes in barometric pres- 
sure, differences in t.he quantity and distribution of 
water vapor, and vertical movement of the air are in o er- 
ation nt all times, each contributing to the final resu s t.lo 
But in rtll considerations of the subject wind direction or 
the source of the air supply must be included. In  regions 
of little temperature contrast its influence is largely 
masked by the others; in regions and at  times of large 
horizontal tem erature gradient it esercises a larger con- 
trol than do d P of those combined. 

With tlie fore oing remarks in mind, we can state 
briefly the genera 5 conclusions as follows, so far as condi- 
t.ions in the United States are concerned. 

1. A north or south component in t,he winds at and near 
the surface persists in a majority of cases at all levels in 
the tropos here and presumably well u into the strato- 
sphere, alt R ough the wind direction itsel P usually chanps, 

, NNW. backing to NW. or WNW.; SE. veering to &t or WSW. 
2. Temperatures accom any+ south component winds 

me on the avesa e consi !i erably higher than those ac- 
conipan ing norti  component winds at  all levels in the 
tro3q0ssL-e. 

e diffexence is more pronounced a t  1 and 2 kilo- 
meters than at  greater heiohts or at the surface; at 3 and 4 
kilometers it is esseiitialf!y the same as at the surface; 
above 4 kilometcrv it radually diminishes, becoming zero 
at  t,he upper limit of t a e troposphere; in the stratosphere 
the reverse relation is found, viz. lower t,emperaturea 
with south than with north component winds. 

g..- nounced in winter t E an in summer and at  northern t an 
at southern stations, i. e., when and wliero the latitudinal 
temperature gradient is strongest. 

5. Esceptions to the relations iven in (2) and (3) are 
due either to a temporary reversa K in tlie normal latitudi- 

4. The relations iven in (2) and (3) are more 

--- - 
15 An excellent example of this t 

16 Humphreys, d . .J . :  Physks ofthe :4ir, pp. 63-57. Philadslphia, Pa. 1920. 

c of exception, in addition to tbose giren in tht8 
pa er, iqtlut or Jan. 1-5, I9?L at EEndaIe N Dak., described by L. T. Barnuels under 
m a  Aee lbr  Summnr ' " This kE\-lEW pp. k 6 - k  
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of times 

tation 
occurred 

pmlpi- 

nal distribution of temperature (occasional summer con- 
dition) or to the importation of large masses of cold or 
warm air in rapidly moving HIGHS or LOWS or to the fact 
t.hat in some instances the wind direction does not repre- 
sent the original source of the air, the latter having fol- 
lowed a curved path round a nearly stationary HIGH or 

6. Cha es from north to south component winds are 
in nearly% cases accompanied by rising temperatures, 
and vice versa. 

7. Owing to effects of temperature on air density, the 
free-air position of a LOW is usually to the northwest of 
its sea-level position, and that of a HIGH to the south- 
west. Winds therefore nre southwesterly above the sea- 
level positions of LOWS and northwesterly above the sea- 
level positions of HIGxa. Under these conditions the 
air above LOWS is on the average warmer than that above 
HIGHS, the effects of importation being much greater 
than those of vertical movement. 

LOW. 

SPRINQ. 
N.. .......................................... 
NE .......................................... 
E. ........................................... 
SE.. ........................................ s ............................................ s w  .......................................... \v ........................................... 
N W ......................................... 

SUMMER. 
N.. .......................................... 
NE .......................................... 
E.. .......................................... 
SE.. ........................................ 
s ............................................ s w  .......................................... w.. ......................................... 
N W ......................................... 

AUTUMN. 
N.. .......................................... 
NE. ......................................... 
E.. .......................................... 
YE.. ........................................ 
.q ............................................ s tv .......................................... w ........................................... 
N w ......................................... 

WINTER. 
N ............................................ 
NE .......................................... 
E.. .......................................... 
8E. ......................................... 
R ............................................ sw.. ........................................ w ........................................... 
N w ......................................... 

8. When emterly winds prevail from the surface up to 
3 or 4 kilometers, HIGHS and LOWS are either stationary 
or their movements are slow and erratic. Such EIGHB 
and LOWS are nearly circular and probably symmetrical to 
great heights, air circulation in them is fairly definite and 
steady, and the effects of vertical movement of the air 
are greater than t-hose of importation, the centers of 
HIGHS being warmer than the centers of LOWS. 

9. Since in this country symmetrical HIGHS and LOWS, 
referred to in (81, are less frequent than those with a 
westward shift of the centem, referred to in (7), it  fol- 

the lowest and 
as the basis of 

pressures are accom- 
eratures, the pressure itself 

of the mean tempera- 

A PRELIMINARY S T U D Y  OF PRECIPITATION IN RELATION T O  WINDS A N D  TEMPERATURE. 

By V. E. JAKL, Meteorologist. 5-/. $5 : 55/. h-7? 
(Weather Burcau, Wnshington, D. C., Dcc. 11,1923.) 

As 8 preliminary step to a more detailed study of 
upper-air conditions attending preci itation, a. statistical 
study has been made of surface winidirections attending 

recipitation a t  the Drexel Aerolo ical Station, Ne- 

duration, and intensity .of precipitation by seasons with 
position relative to adjoining centers of high and low 
pressure, or more strict.ly, with direction of surface 
isobars. Such a study should form a basis, from which, 
considered in connection with statistical data already 
compiled for the upper air, inferences may be dr-iwn 
relative to the  conditions of the atniosphere when 
precipitation is occurring. 

The tabulation in Tablo 1, column 3, giving the 
frequency of recipitation in percentage for all parts 
of a LOW is down in Fi ure 1. This figure is intended 

other words, the directions in Table 1 have been oriented 
about the center of a composite or imagina center of 

toward the center, the table of average deviation of 
free-air winds from surface winds has been considered, 
but not strictly adhered to, an average deviation of 20' 
of surface winds from surface isobars being assumed for 
a11 directions and all seasons. Without going into too 
reat detail, and giving separate recognition to the 

%ifferent conditions, this assum tion is undoubtedly 
ustified as a general average. bforeover, the averages 

lor all aerological observations can not be rigidly applied 
to the mther special conditions prevailing during pre- 
cipi ta tion. 

graska. The object is to reconcie f the frequency, 

to be the sim lest possib 7 e method of showing the sense 
of direction o P the winds relative to the surface isobars; in 

low pressure. To allow for the convergence o Y the arrows 

1 Gregg, W. R.: An Aerological Survey of the Enited States. Yo. WEATRER REV. 
SUPPLEMENT No. 20, fig. 55,192!2. 

TABLE 1 .--Frequency, amoiint and duration of preeipitation with 
reference to wind direction and season. 

Direction. 

26 
65 
29 
1 
22 
13 
10 
42 

22 
54 
34 
57 
26 
38 
14 
45 

21 
44 
11 
28 
P 
16 
3 

80 

23 

11 
17 
9 
4 
1 

19 

32 

Percent- 

vations 
or all di- 
rcctionr. 

11 
23 
12 
19 
9 
5 
4 

17 

7 
19 
12 
20 
9 

13 
ti 

15 

12 
25 
8 

14 
13 
0 
2 

17 

20 
28 
9 
I6 
8 
3 
1 

10 

Lverage 
)mount 

tatlon. *Pi 

Xnchu. 
0.29 
0.36 
0.32 
0.35 
0.22 
0.07 

0.25 
aaJ 

0.19 

0.41 
a b  
am a m  
0. m 
0.22 

0. a8 

a= 

a 17 

a 11 

0.19 

0 . 4  
0. a 
0.24 
0. P 
0.05 

0.22 
0. n 
0.13 
0.07 
0.04 
0.04 
0.15 

Average 
luratlon 
I pmipi- 
t a t h .  

Hourr. 
7 
a 
6 
4 
2 
2 
4 

a 

3 
3 
3 
4 
3 
2 
1 
2 

11 
9 
6 
0 
6 
3 
1 
4 

9 
11 
7 
9 
0 
5 

9 
a 

-- 


